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ABSTRACT 
ATTRACTION AND RISK IN URBAN BIRD HABITATS !
by#
Megan E. Litwhiler 
Urban expansion is an increasing threat to native bird populations. Consequently, 
maintaining and developing safe urban habitat space is necessary for conservation. Birds 
living in, or migrating through, urban areas utilize a variety of managed green-spaces 
such as parks, gardens, college campuses, and cemeteries. In addition to managed 
habitats, birds may use abandoned property that has been reclaimed by vegetation and 
associated spontaneous, biological communities. Such urban habitats may provide 
valuable resources for birds and other wildlife; however, these sites often contain high 
densities of non-native plants and can be polluted, potentially imparting a greater risk 
than benefit to the species they attract. The objective of this dissertation is to investigate 
variables in the urban environment that can be attractive to birds, while at the same time 
pose risks. To accomplish this objective, three topics are investigated (1) seasonal 
variation in bird community composition in urban versus non-urban areas quantified from 
citizen science data, (2) avian use of native and non-native fleshy fruits and fruit 
availability in urban habitats and (3) the trophic transfer of heavy metal contaminants 
across the avian food chain in an urban brownfield. Results show that, while urban 
habitats may have similar communities to suburban habitats, variation in community 
composition within habitats is greater in cities compared to neighborhoods that are more 
residential. Unmanaged spontaneously vegetated urban habitats are particularly attractive 
#to native and reduce densities of non-native bird species. However, such habitats have 
high densities of low-quality bird-dispersed fruits. In moderately polluted habitats, heavy 
metals are biotransferred from the soil to fruits, arthropods and birds, but no consistent 
pattern of biomagnification is present across trophic levels and concentrations for most 
taxa are relatively low. The results of this investigation have broad implications for the 
management and restoration of urban bird habitats and will contribute to the conservation 
of native birds in an urbanizing world.  !!!!!!!!!!!!!!!!!
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CHAPTER 1 
INTRODUCTION: ATTRACTION AND RISK IN URBAN BIRD HABITATS 
AND THE POTENTIAL ROLE OF URBAN WILDLANDS 
 
 
 
From 1950 to 2014, the fraction of the global population residing in urban areas has risen 
from one third to over one half, with a projected increase to two thirds by 2050 (United 
Nations 2014). The rapid expansion of urban areas degrades and diminishes natural 
habitats (McDonnell and Pickett 1990) and has serious implications for biodiversity 
conservation (McKinney 2008b, Shochat et al. 2010, Aronson et al. 2014). Birds 
represent one of the most well-studied taxa of urban organisms and have repeatedly 
shown patterns of species declines in urban areas compared to more natural areas (Blair 
1996, Marzluff 2001, Chace and Walsh 2006, Ortega-Alvarez and MacGregor-Fors 
2009). Not only are birds a functionally important part of the ecosystem, they also have 
tremendous recreational and educational value to humans (Clucas and Marzluff 2012). 
Hence, much research has been devoted to understanding how to mitigate the effects of 
urbanization on birds (McKinney 2002, Donnelly and Marzluff 2004, Goddard et al. 
2010, Lepczyk and Warren 2012, Marzluff et al. 2012). Nonetheless, there is a need for 
on-going research as cities expand and climate change compounds the effects of 
urbanization in years to come (Jetz et al. 2007). 
 One of the most broadly recognized patterns in urban bird ecology is the decline 
in species richness from rural to urban areas (Blair 1996, Clergeau et al. 1998, Lepczyk 
and Warren 2012). Such declines are primarily due to habitat loss and fragmentation from 
human development (Andren 1994). Within the most urban areas, also known as the 
urban core, species richness is dramatically lower than rural areas, but the density of birds
!!2!
can actually be relatively high due to the abundance of a small number of non-native, 
synanthropic species, including the European starling (Sturnus vulgaris), house sparrow 
(Passer domesticus) and rock pigeon (Columba livia; Blair 1996, Clergeau et al. 1998, 
Marzluff 2001). In suburban areas, or areas of moderate disturbance, a spike in richness 
is often observed (Blair 1996, Marzluff and Rodewald 2008), a pattern which has been 
explained by the intermediate disturbance hypothesis (Connell 1978, McKinney 2008b) 
and theory of island biogeography (MacArthur and Wilson 1967, Marzluff 2008). 
 Despite the prevalence of a few ubiquitous species among city streets and 
buildings, many native bird species can exist in highly urban areas given an adequate 
environment (Aronson et al. 2014). Bird diversity has repeatedly been shown to increase 
with increasing vegetation cover within cities (Gavareski 1976, Cicero 1989, Jokimaki 
1999, Melles et al. 2003, Donnelly and Marzluff 2004, Ortega-Alvarez and MacGregor-
Fors 2009). The New York Metropolitan Area, one the most densely populated areas of 
the country, provides an excellent example of the impact of urban green space on avian 
diversity. Anyone who has been birding in Central Park, in the middle of bustling 
Manhattan, has observed how attractive urban green space can be to a wide variety of 
birds. Records from the citizen science project, eBird, show that Central Park is host to 
approximately half of the average number of bird species observed across the entire 
Northeastern United States (eBird 2012). Such urban parks have been shown to be 
particularly attractive and valuable to migrant species traveling along highly urbanized 
Atlantic flyway (Seewagen et al. 2010). 
 Parks are not the only sites that act as bird habitats in the urban core. Vacant or 
unmanaged properties develop unique spontaneously assembled plant communities, 
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sometimes termed “novel communities” (Hobbs et al. 2006, Kowarik 2011). Because the 
urban environment itself may be interpreted as a novel ecosystem, here such spontaneous 
communities are termed “urban wildlands”. It is well-known that urban vegetation is 
characterized by a high density of non-native and invasive plants compared to more 
natural habitats (Kowarik 1990, Pysek 1998, McKinney 2002, Aronson et al. 2014, 
Aronson et al. 2015b). Many native species may also be retained along with non-natives, 
resulting in assemblages that may differ in composition, but match less disturbed areas in 
terms of species richness (Aronson et al. 2015b). Therefore, spontaneous urban wildlands 
do not necessarily resemble communities that assembled prior to anthropogenic 
disturbance (Hobbs et al. 2006). Nonetheless, such habitats can be highly attractive to 
native birds (Craves 2009, Meffert and Dziock 2012, Bonthoux et al. 2014). It has been 
proposed that urban wildlands, such as those that arise on vacant or abandoned property 
may provide a refuge for native urban avifauna and a potential tool for conservation 
efforts, yet few studies have examined avian use of spontaneous habitats in urban core 
communities (Kowarik 2011, Bonthoux et al. 2014). 
 It’s clear that birds can be attracted to urban green spaces, but it remains unclear 
whether or not urban habitats provide a safe haven and sufficient resources compared to 
more natural habitats. Increased light and noise in the city can disrupt bird songs, 
circadian periods (Dominoni et al. 2013a, Dominoni et al. 2013b, Proppe et al. 2013), and 
migration (Longcore and Rich 2004), which can lead to changes in reproductive success 
and physiology (Kight et al. 2012, Dominoni et al. 2013b), declines in species diversity 
(Proppe et al. 2013) and increased mortality (Longcore and Rich 2004). Other risks 
include predation by domestic cats (van Heezik et al. 2010) and window strikes (Klem Jr 
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et al. 2009). Interestingly, nest predation risks can decrease in urban areas despite 
sometimes increased densities of nest predators (Gering and Blair 1999, Fischer et al. 
2012, Stracey 2012), a pattern termed the “predator paradox” (Shochat et al. 2006). Other 
studies show increases (Jokimaki and Huhta 2000) or no difference in nest predation rates 
between urban and non-urban areas (Stracey 2011). The disparity among studies may be 
due to differences in landscape or study species (Stracey 2012), suggesting that further 
research is needed on this topic. 
 The wealth of risks faced by urban birds has culminated in the idea of urban 
habitats as potential ecological traps (Boal and Mannan 1999, Leston and Rodewald 
2006, Stracey and Robinson 2012), which are defined as sink habitats that, while 
attractive to species, do not provide sufficient resources to sustain viable populations 
(Schlaepfer et al. 2002). Studies have not consistently shown that urban areas are traps 
for birds. Boal and Mannan (1999) showed that Coopers hawks (Accipiter cooperii) 
experience decreased nesting success in urban areas compared to exurban areas; however, 
other studies of songbird species have shown no difference in breeding success between 
urban and non-urban sites (Leston and Rodewald 2006) or increased productivity in 
urban areas (Stracey and Robinson 2012). 
 Another important factor that has been implicated in the creation of ecological 
traps, and which can be applied to urban wildlands, is the interaction of birds and non-
native vegetation (Borgmann and Rodewald 2004, Schlaepfer et al. 2005, Rodewald et al. 
2010, Gleditsch and Carlo 2014). Similar to the studies of ecological traps in urban 
environments, the effect of non-native and invasive plant species on nest success is not 
well understood. For example, Borgmann and Rodewald (2004) and Rodewald et al. 
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(2010) showed that northern cardinals (Cardinalis cardinalis) nesting in non-native 
shrubs have higher predation rates and increased mortality compared to those that nest in 
native substrate. Gleditsch and Carlo (2014) found that gray catbirds (Dumetella 
carolinensis) nesting in areas of high densities of similar non-native shrubs to the 
previously mentioned study had similar, and at times greater, breeding success compared 
to conspecifics nesting in areas of low non-native shrub density. Conflicting results, such 
as these, stress the importance of context and interspecific variation in studying the 
interaction between native avifauna and non-native plants (Davis et al. 2011). 
 Aside from nesting substrate, non-native plants present another attractive and 
potentially risky resource for birds – many produce bird-dispersed fruits (Aslan and 
Rejmanek 2010). A classic example of the potential positive effects of non-native fruiting 
plants on birds is the facilitation of the winter range expansion of northern mockingbirds 
(Mimus polyglottos) as a result of Rosa multiflora invasion (Stiles 1982). Since this 
study, additional research has shown positive relationships between bird abundance and 
non-native fruits (Gleditsch and Carlo 2011). However, recently is has been noted that 
many non-native fruits are lower in quality compared to native fruits and may not provide 
adequate nutrition during migration times (Smith et al. 2007b). The potential risks and 
benefits associated with avian use of non-native plants is significant in urban areas due to 
the high density of non-native plant species. Non-native fruits may be a valuable 
resources for birds in urban wildlands, but an abundance of low-quality food may not 
meet nutritional needs (Levey and Rio 2001). 
 Clearly, birds face a mix of attractive resources and potential risks in the urban 
environment. Urban wildland communities present an understudied opportunity to 
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explore how birds respond to the dynamic urban landscape. Abandoned lots with dense 
shrubs and vines create an attractive green oasis in the urban core and a refuge for many 
species of birds (Rondon-Rivera, Litwhiler and Holzapfel, unpublished data), and 
therefore may provide a potential tool to aid conservation efforts. On the other hand, 
many spontaneous communities arise on post-industrial sites, which can contain soil 
contamination (Gallagher et al. 2008b), contributing to the potential hidden dangers of 
the urban wildland. In order to fully assess the value of such habitats, both the benefits 
and risks must be addressed. The following three chapters delve into the question of 
attraction and risk in urban bird habitats by investigating 1) variation in urban and 
suburban seasonal bird communities quantified by citizen science data 2) avian use of 
native and non-native fruiting plants in an urban brownfield and an urban park and 3) the 
trophic transfer of heavy metal soil contamination in an urban brownfield. The results of 
this study are intended to inform land managers in an effort to aid in the development of 
sustainable urban habitat space for birds and biologically diverse communities to be 
enjoyed by humans and wildlife. 
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CHAPTER 2 
SEASONAL VARIATION IN URBAN AND SUBURBAN SONGBIRD 
COMMUNITIES QUANTIFIED FROM CITIZEN SCIENCE DATA 
2.1   Background 
In order to conserve bird species in an urbanizing world, it is critical to understand how 
urban areas reshape bird communities and how this varies across fragmented city habitats 
(Hepinstall et al. 2008). One of the most prominent features of the urban core 
environment is the high degree of landscape heterogeneity (Grimm et al. 2008). 
However, urban biota are largely considered to be homogenized due to high densities of 
cosmopolitan species (Blair 2001, McKinney 2006). Recently it has been noted that the 
link between biotic homogenization urbanization may be a regional process that does not 
apply on a more local landscape scale (Aronson et al. 2015a).  
 Habitat patches within cities vary extensively based on size, structure and 
surrounding landscape variables, leading to intra-city variation in avian community 
composition (Donnelly and Marzluff 2004, White et al. 2005, Ortega-Alvarez and 
MacGregor-Fors 2009). However, this pattern is typically addressed across a broad rural 
to urban landscape scales (Chace and Walsh 2006, McDonnell and Hahs 2008, Lepczyk 
and Warren 2012). Studies addressing the degree of community dissimilarity among 
habitats within and between urban and non-urban habitats are lacking. Direct 
comparisons between the degree of variation among bird communities in suburban and 
urban core habitats may provide additional insights into the effects of urbanization on 
birds and degree of homogenization across fine-scale landscapes (Cadenasso et al. 2007). 
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 Suburban areas are typically characterized as having overall higher vegetation 
cover compared to the urban core (Cadenasso et al. 2007), and species richness of birds 
typically spikes in such moderately disturbed areas (Chace and Walsh 2006). However, 
community composition in parks and other green spaces may be more homogenized 
compared to that of cities where boundaries between green spaces and the surrounding 
built environment are more stark and patches are more fragmented (Fernandez-Juricic 
and Jokimaki 2001). A recent paper by Aronson et al. (2015) showed that beta diversity 
of plants can actually increase with increasing levels of urbanization, but it is unclear 
whether this pattern is consistent among other urban taxa. Variation in specific plant 
species abundances can affect bird populations (Gavareski 1976, Gleditsch and Carlo 
2011), suggesting that high variability in plant communities could potentially contribute 
to the distribution of bird species in urban landscapes. At the same time, birds contribute 
to the dispersal patterns of plants, primarily by disseminating the seeds of fleshy- fruiting 
plants (Aronson et al. 2007, Westcott and Fletcher 2011).  
 Another factor that could affect differences between urban and suburban bird 
communities, particularly in temperate climates, is migration. Resident species and short 
distance migrant species tend to be higher in abundance in urban areas (Rodewald and 
Bakermans 2006, Marzluff and Rodewald 2008). Additionally, urban populations of 
certain migratory species have been shown to be more sedentary in urban areas compared 
to non-urban populations, although it is not clear whether or not such an effect differs 
between the suburbs and cities (Adriaensen and Dhondt 1990, Partecke and Gwinner 
2007). Only one study has been found that directly compares urban and non-urban avian 
assemblages across seasons (Leveau and Leveau 2012). Leveau and Leveau (2012) found 
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that urbanization promotes the stability of bird communities across seasons in Argentina. 
No studies have been found that directly examine this relationship in the United States.  
 Exploring avian community dynamics presents challenges for researchers in terms 
of the number of field sites and time scale over which robust studies need be conducted. 
To alleviate this problem, many researchers use data pools collected by non-specialists 
through the aid of citizen science programs (Dickinson et al. 2012). Although citizen 
science projects involving other taxa exist and are growing in number, the vast majority 
of programs are aimed at collecting data on birds. The Cornell Lab of Ornithology has six 
ongoing citizen science programs, which have resulted in over 60 scientific publications 
in the last 9 years (Cornell Lab of Ornithology 2015). The Audubon’s Christmas bird 
count has been active for over 100 years and data from the count has been used in over 
200 scientific publications (Audubon 2015). 
 The benefits of using citizen science data for scientific purposes are the ability to 
synthesize large quantities of data over large geographic areas and over broad temporal 
scales (Dickinson et al. 2012). Beyond the direct benefits to scientific studies, citizen 
science programs are an increasingly popular tool for promoting science education, 
community engagement and environmental stewardship outside the academic realm 
(Bonney et al. 2009, Dickinson et al. 2012).  
 The present study explores the use of the citizen science data from eBird (eBird 
2015) to investigate seasonal variation in urban and suburban bird communities in the 
highly urbanized New York Metropolitan area of New Jersey. The study was designed to 
test the hypotheses that a) urban bird communities are more dissimilar from one another 
compared to suburban communities and b) urban bird communities are more stable across 
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seasons compared to suburban communities. For a) it is predicted bird community 
composition will be highly variable across different, but similarly structured habitats 
compared to communities in similar suburban habitats. For b) it is predicted that bird 
communities in urban habitats will be less dissimilar across seasons compared to 
suburban bird communities.  
 
     2.2   Methods 
2.2.1   Data Source 
This study uses data form Cornell Lab of Ornithology’s citizen science program, eBird. 
eBird is a web-based data base that collects checklists of bird observations from non-
specialist citizen science observers (Hochachka and Fink 2012). To account for observer 
bias, eBird checklists are monitored for unusual observations and, if flagged, vetted by 
professional ornithologists (Sullivan et al. 2009, Hochachka and Fink 2012).  eBird has a 
large geographic scope, especially in the United States; however, data is compiled by 
volunteers, leading to uneven geographic representation (Hochachka and Fink 2012). For 
example, higher densities of eBird checklists are related to human population density 
(Hochachka and Fink 2012).   This study is conducted using eBird data from The New 
York Metropolitan Area, a densely populated region, which has relatively high checklist 
densities across different land use scales (Sullivan et al. 2009).   
2.2.2   Data Selection Criteria  
Following Marzluff et al. (2001), urban and suburban counties in the New York 
Metropolitan Area of New York and New Jersey were identified based on average 
percent impervious surface cover with urban areas having >50% impervious surface 
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cover and suburban areas having between 25 and 50% impervious surface cover. Percent 
impervious surface was estimated using iTree Canopy 2015 Version 6.1. Sites selected 
within counties included large partially wooded parks and forested areas with  >400 total 
checklists per site. Several urban sites fit the criteria for selection; however only five 
suburban sites had sufficient data across all seasons. Therefore only five urban and five 
suburban sites were selected for the analysis. eBird checklists within sites were filtered 
by observation type. Only thorough checklists, representing counts in which the observer 
indicated that all species in the count area were reported, were used in the analysis. 
Additionally, only checklists that had been vetted by the eBird system were included in 
the study. To simplify this exploratory analysis, only birds from the order Passeriformes 
(songbirds) were included in the study. Similarly to suggested methods to compensate for 
poorly standardized data in Christmas Bird Counts, data were averaged over the years 
2003 to 2013 (Bock and Root 1981). To further account for observer bias, rare species 
were excluded from the analysis by including only species which appear in at least 25% 
of checklists for a given area.  
2.2.3   Avian Trait Data 
To examine functional traits of birds occurring in urban and suburban areas, species trait 
data was extracted from the Birds of North America online (Poole 2005). Traits include 
diet breadth, migratory status, habitat, nesting guild, and body mass. Diet breadth was 
calculated as the sum of food sources for each species from 1 to 4 and omnivores were 
recorded as 5 (Angert et al. 2011). Migratory status was recorded as migratory (M), 
partial migrant (PM), or non-migratory (NM). Body mass was calculated as the combined 
average body mass of males and females. Each species was placed into each of the 
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following appropriate categories for dominant winter, migration, and breeding habitat: 
urban, coastal, wetland, field, grassland, forest, forest edge, open forest, or shrub. Nesting 
guild was described by height (ground or distance from the ground) and type (cavity or 
cup).  
2.2.4   Data analysis 
eBird data was classified according to avian phenology by labeling urban and suburban 
checklists as winter (November 1st through April 15th), spring migration (April 16th 
through May 31st), breeding (June 1st through September 15th), and fall migration 
(September 15th through October 31st). To quantify relative species abundance, while 
accounting for variation in observer effort among sites, the percent of checklists reporting 
each species was calculated for each site and this frequency value was used in the 
analysis. Non-metric Multidimentional Scaling (NMDS) was performed in RStudio 
Version 0.98.1091 (R Core Team 2014) with the package Vegan (Oksanen et al. 2015) to 
analyze dissimilarities in avian communities across seasons between urban and suburban 
sites. Bird species traits were fit to the NMDS results to explore variation in bird traits 
between urban and suburban sites. To test for significant differences between landscape 
types, a non-parametric multivariate ANOVA of dissimilarities was used by applying the 
Vegan function “adonis” (Oksanen et al. 2015). Bird species traits were fit to the NMDS 
results to explore variation in bird traits between urban and suburban sites.  
 
    2.3   Results and Discussion 
eBird data for urban and suburban bird habitats in the New York Metropolitan Area was 
analyzed using NDMS to observe the degree of dissimilarity among bird communities 
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between landscape types and across seasons. Generally, urban and suburban sites 
clustered within the NMDS plot region based on landscape type and season. ANOVA of 
dissimilarities agrees with the NMDS showing that urban and suburban communities 
differ significantly based on landscape and seasons (p=0.001 for landscape and season). 
eBird checklists reported 77 species in suburban sites and 75 species in urban sites, 
suggesting that species richness is similar for the sites analyzed in this study. Based on 
the relative positions of species in the NMDS plot area, many species associate with both 
urban and suburban classifications, but species cluster more densely around suburban 
sites, suggesting higher abundances of more species in those habitats (Figure 2.1). This 
result agrees with typical patterns seen in the literature that show relatively high species 
densities of birds in the suburbs (Chace and Walsh 2006, Marzluff and Rodewald 2008). 
Differences in communities are likely driven by higher abundance of large-bodied 
generalist and non-native species in urban areas (Bonier et al. 2007, Marzluff and 
Rodewald 2008). Trait data fit to the NMDS results agree with such patterns by showing 
an increase in non-native species origin, average diet breadth and average mass in urban 
sites compared to suburban sites (Figure 2.4). 
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Figure 2.1  NMDS plot comparing songbird communities in urban and suburban habitats. 
Small open gray circles represent bird species, solid shapes represent suburban habitats, 
open shapes represent urban habitats, and shapes represent seasons. The location of sites 
in relationship to each other within the plot area indicates the degree of dissimilarity in 
species composition among sites, with more similar sites being closer together. Species 
located closer to a site are assumed to have higher abundance at that site compared to 
sites located further away in the plot area.  
 
 Ninety-five percent confidence ellipses were superimposed on the NMDS plot to 
visualize the degree of variation among sites and seasons. Non-overlapping confidence 
intervals are generally considered to be significantly different (p≤0.05); however 
overlapping intervals do not necessarily assume insignificant relationships (Schenker and 
Gentleman 2001). Therefore, the results described here are based primarily on the 
ordination results and ellipses are applied for visualization purposes.   
 It was originally hypothesized that urban sites would be more dissimilar to each 
other compared to suburban sites. Based on clustering of sites within the NMDS, this 
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hypothesis was supported for winter and breeding seasons (Figure 2.2), but not supported 
for migratory seasons (Figure 2.3), again this is likely due to variation is avian 
selectiveness for breeding and migratory habitats. This result disagrees with the idea of 
bird communities as highly homogenized in urban landscapes (Lockwood et al. 2000), 
which exist on a regional scale, but perhaps do not apply at finer landscape scales 
(Aronson et al. 2015b). To validate the present result and understand how it can be 
applied to conservation efforts, it is suggested that subsequent studies further examine 
bird community variation across fine landscape scales, include a wide range of bird taxa 
(recall that only songbirds are included in this analysis) and apply more specific 
landscape variables and sophisticated spatial analyses.  
 
Figure 2.2  NMDS plot comparing songbird communities in urban and suburban habitats 
highlighting differences among breeding and over-wintering communities. See Figure 2.1 
for detailed description of the NMDS plot. Ellipses represent 95% confidence intervals.  
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Figure 2.3  NMDS plot comparing songbird communities in urban and suburban habitats 
highlighting differences in migrant communities. See Figure 2.1 for detailed description 
of the NMDS plot. Ellipses represent 95% confidence intervals.  
 
 
Figure 2.4  NMDS plot comparing songbird communities in urban and suburban habitats 
with selected bird traits. Arrows point in the direction of increasing change for the 
indicated variable and the length of the arrow indicates the strength of the relationship 
between the indicated variable and community composition. Circles represent sites. See 
Figure 2.1 for detailed description of the NMDS plot. Ellipses represent 95% confidence 
intervals around centroids for urban and suburban sites for all seasons combined. 
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 It was also hypothesized that urban bird communities are more stable across 
seasons compared to suburban sites. This hypothesis was loosely supported in that urban 
breeding and urban wintering sites were slightly more similar to each other compared to 
suburban sites (Figures 2.1, 2.2, 2.3). This could be due to a higher density of resident 
species in urban habitats (Donnelly and Marzluff 2004). Wintering communities were 
highly similar between urban and suburban sites, agreeing with previous studies showing 
temporal homogenization in wintering urban and non-urban communities (Leveau et al. 
2015). It is important to note that the abillity to test both hypotheses in this study is 
limited to the NMDS. Appropriate significance tests need to be incorporated to accept or 
reject the hypotheses stated here, particularly to avoid Type II errors where confidence 
intervals overlap.  
 Although the results of this investigation show some variation in songbird 
communities between urban and suburban sites in the New York Metro Area, several 
urban and suburban sites appear to be quite similar in terms of species densities, as 
determined by their close proximity in the NMDS plot space. All ebird sites used in this 
study were large wildlands and partially wooded parks. The present findings suggest that 
such sites in the inner core may retain similar densities of native species compared to 
suburban areas despite realtively higher desities of non-native birds. This result was 
particularly apparent for migrant communities. Other studies have shown that urban core 
habitats are important stopover-sites for migrating songbirds (Craves 2009, Seewagen et 
al. 2010).  
 The results presented here demonstrate the potential utility of citizen science data 
in fine-scale urban bird research. The incorporation of trait abundances in the NMDS 
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showed that avian traits typically show to increase with increasing urbanization were  
more strongly associated with urban sites in this analysis. In conducting a fine-scale study 
with citizen science data, it did prove to be difficult to find a large number of sites that 
had enough data for a robust analysis. As the popularity of citizen science projects grows, 
perhaps this issue will resolve itself. For the time being, it is suggested that field studies 
of fine scale variation among urban bird communities will provide additional, valuable 
insight into what types of urban habitats promote bird diversity in cities. However, citizen 
scientists can be incorporated into individual field research projects to help scientists 
collect large amounts of data, while at the same time promoting community engagement 
and education in science (McCaffrey 2005).  
 Although patterns of avian communities in response to urbanization are well-
studied (Lepczyk and Warren 2012), it is clear that there is still more to be discovered 
about urban bird communities. Urban areas are changing and expanding (United Nations 
2015), which may lead to further restructuring of communities through habitat loss and 
degradation (Shochat et al. 2006) or the ability of new species to adapt to the urban 
environment (Marzluff 2012). Furthermore, urbanization is not the only force reshaping 
bird distributions. Climate change also has an impact on community composition (Prince 
and Zuckerberg 2015), and further underscores the need to monitor communities over 
time. Birds are clearly attracted to urban core habitats, but face numerous risks when they 
choose a city habitat (see Chapter 1 of this document). The following two investigations 
move beyond the relative attractiveness of urban areas and delve further into attraction 
and risk in urban bird habitats.  
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CHAPTER 3 
AVIAN USE OF NATIVE AND NON-NATIVE FRUITING PLANTS IN 
 URBAN HABITATS 
3.1   Background 
Urbanization has dramatic effects on the distribution of biodiversity (McKinney 2008b). 
Fragmentation of the natural environment can lead to the development of spontaneously 
vegetated communities or “urban wildlands” (Kowarik 2011) that can facilitate new 
interactions among species (Anderies et al. 2007). Recently, the potential conservation 
value of urban wildlands, such as those that arise on vacant property, has gained 
recognition (Meffert and Dziock 2012, Bonthoux et al. 2014). These habitats are highly 
attractive to birds (Holzapfel, Litwhiler and Rondon-Rivera unpublished data) and may 
provide a much needed urban refuge, particularly for sensitive migratory species (Craves 
2009). To fully assess the potential conservation benefits of urban wildlands, it is 
important to examine ecological interactions within such unique communities. In this 
study, the use of native and non-native fruiting plants by birds and fruit availability are 
investigated in urban and suburban spontaneously vegetated habitats in the New York 
Metropolitan area of New Jersey.  
 Birds utilizing spontaneously vegetated urban habitats are exposed to biological 
communities that typically include high densities of non-native and invasive plants 
compared to less disturbed areas (Marzluff 2001, McKinney 2008a, Kowarik 2011, 
Aronson et al. 2015a). As non-native plant species establish in a new territory, they can 
become invasive, negatively affecting native species richness and limiting ecosystem 
services (Gordon 1998, Czech et al. 2000). Certain invasive plants undoubtedly require 
active management efforts; however, it has been argued that not all non-native species are 
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destructive to native ecosystems. Therefore costly, unnecessary management efforts can 
be avoided if species are assessed based on environmental impacts rather than origin 
(Davis et al. 2011). Furthermore, some non-native plants can provide resources, such as 
food and shelter, to native species (Schlaepfer et al. 2011). Alternatively, researchers 
have questioned whether the resources offered by non-native species are lower in quality 
compared to native resources and could create an ecological trap for birds in urban 
habitats (Rodewald et al. 2010, Stracey and Robinson 2012, Gleditsch and Carlo 2014). 
Ecological traps are sink habitats that, while attractive to species, do not provide 
sufficient resources to sustain viable populations (Schlaepfer et al. 2002). In order to 
effectively promote biologically diverse urban ecosystems in a cost-effective manner, it is 
vital to understand the ecological role of non-native species and how these organisms 
interact with native species in novel urban communities.  
 Many species of birds depend on a reliable fruit crop as a food source (Baird 
1980), especially during fall migration (McWilliams and Karasov 2001), and many non-
native plant species produce bird-dispersed fruits (Aslan and Rejmanek 2010). Certain 
fleshy-fruiting non-natives have become an important food source for native birds (Stiles 
1982, Reichard et al. 2001, Gleditsch and Carlo 2011). This additional food source may 
be quite valuable in urban areas where birds are threatened by habitat loss and 
degradation (Chace and Walsh 2006, Ortega-Alvarez and MacGregor-Fors 2009). 
 Although non-native fruits can act as a food source for birds, there can be risks 
associated with this interaction. For example, the resulting dissemination of non-native 
seeds by foraging birds can facilitate invasion of certain plant species (Gosper et al. 
2005). Therefore, a mutualistic interaction between birds and non-native fruiting plants 
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can potentially have an indirect negative effect on the overall community if the fruit of an 
invading plant is preferred over native fruits (Gosper and Vivian Smith 2009).  
 Several factors can influence avian selection of native and non-native fruits 
(Levey and Rio 2001). Studies on avian fruit selection primarily focus on two main 
drivers of selection - crop size and nutrient availability (Herrera 1984, Drummond 2005, 
Greenberg and Walter 2010, Blendinger and Villegas 2011, Gleditsch and Carlo 2011, 
Mokotjomela et al. 2013, Smith et al. 2013, Spotswood et al. 2013). Fruit density has 
been repeatedly shown to have a strong influence on fruit choice (Sargent 1990, 
Sallabanks 1993, Carlo and Morales 2008, Gleditsch and Carlo 2011); however, this 
relationship varies among both fruit and bird species (Sargent 1990, Spotswood et al. 
2013). Some studies show that birds actively select higher quality fruits (Schaefer et al. 
2003a, Smith et al. 2013), whereas other studies have shown no link between fruit 
selection and nutrient content (Drummond 2005, Greenberg and Walter 2010). Many 
studies on the effect of nutrient availability on fruit selection have been conducted in 
laboratory settings using captive birds (Johnson et al. 1985, Cipollini and Levey 1997, 
Lepczyk et al. 2000, McWilliams et al. 2002, Schaefer et al. 2003b, Drummond 2005, 
Lafleur et al. 2007) and synthetic fruits (Lepczyk et al. 2000, (McWilliams et al. 2002). 
Although controlled laboratory studies provide valuable insight into the ability of birds to 
select fruits based on fine distinctions, it is important that we examine fruit selection in 
the field to determine whether or not laboratory results translate to natural settings 
(Corlett 2011). 
 Certain non-native fruits have been shown to have lower nutritional quality than 
native fruits (Drummond 2005, Gosper and Vivian-Smith 2010, Smith et al. 2013), which 
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could create an ecological trap for birds in heavily invaded urban areas if the difference 
in quality leads to differences in fitness. Smith et al. (2013) found that high-quality native 
dogwood fruits were removed from plants at a higher rate than less nutritious non-natives 
of comparative fruit density at two forested banding sites in Rochester, NY. However, 
Gleditsch and Carlo (2011) found a positive correlation between the abundance of 
honeysuckle (Lonicera spp.), considered to be a low-quality invasive (White and Stiles 
1992), and the abundance of songbirds in a Pennsylvania forest, showing that low-quality 
fruits can still be highly attractive to birds. These field studies suggest that both fruit 
availability and nutrition can play a role in how attractive fruiting native or non-native 
fruits are to birds. Furthermore, results of field studies are likely to vary across studies 
depending on the community composition of both birds and plants, which presents a need 
for studies of different community types (Corlett 2011). To the author’s knowledge, no 
studies exist that examine avian fruit selection in spontaneously vegetated urban core 
communities, which can differ significantly in species composition from less disturbed 
habitats (Kowarik 2011). To fill this important gap, this chapter aims to describe 
relationships between native and non-native fruiting plants and bird abundance in an 
urban wildland. Bird abundance at native and non-native fruiting plants is compared 
between an urban wildland and a managed urban park to determine differences in bird 
use of fruiting plants in different urban habitat types. The study was designed to test the 
hypotheses that 1) birds in a spontaneously vegetated urban wildland are attracted to both 
native and non-native fruit resources and 2) bird communities associated with fruiting 
plants are different in an urban wildland and an urban park. In addition, this study aims to 
quantify the availability of bird-dispersed fruiting plants in urban and suburban 
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spontaneously vegetated habitats by testing the hypothesis 3) that spontaneously 
vegetated urban habitats have higher densities of bird-dispersed fruiting plants compared 
to similar suburban habitats. For 1) it is predicted that the abundance of birds at fruiting 
plants will not vary based on fruit origin (native or non-native). For 2) it is predicted that 
bird communities associated with fruiting plants in an urban wildland will have higher 
densities of native species and lower densities of non-native species compared to an 
urban park. For 3) it is predicted that urban spontaneous habitats will have higher 
densities of non-native fruiting plant species and overall higher densities of fruiting plants 
compared to similar suburban habitats.  
     
     3.2  Methods 
3.2.1   Study Sites  
This study investigates avian use of fruiting plants and fruit availability in the urban 
environment. The term urban can be used to encompass a wide range of landscape types. 
Here, the term urban refers to an urban core location, or a location within the boundaries 
of a densely populated city where ground cover is dominated by impervious surfaces 
(Shochat et al. 2006). To quantify avian use of fruiting plants, data were collected at two 
sites in New Jersey, USA. The principal study site is located in the central interior region 
(40°42’18.90 N, 70°03’05.66 W, center point, Figure 2.1) of Liberty State Park (LSP) in 
Jersey City, New Jersey. The 1,200-acre park stretches along the waterfront of the 
Hudson River and Upper New York Bay across from New York City, NY. Much of the 
original marshland of the site was filled with industrial material by the Central Railroad 
of New Jersey, which operated there from the late 1800’s to the mid 1900’s. Rail travel 
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declined over time causing the railroad to declare bankruptcy and abandon the property in 
the 1967. Liberty State Park was developed in the 1970’s; however, a 251 acre 
abandoned rail yard was left closed to the public due to above-ambient levels of heavy 
metals in the soil (Gallagher et al. 2008a). This restricted area of the park acted as the 
primary field site for this study. The study site has remained relatively untouched since 
the property was abandoned by the railroad and vegetation has assembled spontaneously 
over the subsequent decades. Today, the brownfield consists of a mosaic of shrub, early-
successional hardwood forest, wetland, and herbaceous plant communities. The assembly 
of these communities has been impacted, if not driven, by high variability in soil metal 
load throughout the site (Gallagher et al. 2008b, Gallagher et al. 2011).  
 
 
Figure 3.1  Google Earth V 7.1.5.1557 image of Liberty State Park. The marker indicates 
the approximate center of the 251-acre study site. The site boundaries are indicated by a 
dotted outline.  
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 To compare the relationship between birds and fruiting plants in the urban 
wildland of LSP to a that a of more managed park setting, a second study site, Branch 
Brook Park (BBP), was selected. Located in Newark, NJ (40°46’13.07 N, 74°10’34.58 
W, center point; Figure 3.2), BBP is a 360-acre urban public recreation area. It consists of 
lawns, ponds, sports fields and walking paths. Some patchy areas are dominated trees and 
mixed spontaneous vegetation.  
 
Figure 3.2  Google Earth V 7.1.5.1557  image of Branch Brook Park. Data was collected 
throughout the area of the park.  
 
3.2.2   Fruiting Plant Species at LSP and BBP 
Avian use of fruiting plants was quantified for the native species black cherry (Prunus 
serotina) and wild grape (Vitus ssp.), and the non-native species white mulberry (Morus 
alba), autumn olive (Elaeagnus umbellata) and porcelain berry (Ampelopsis 
brevipedunculata). Ten individual plants from each species were selected at LSP. These 
species were selected because they are abundant enough to select 10 individuals plants of 
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similar size within the site. Due to limited availability of plants with sufficient fruit crop, 
only ten white mulberry and ten black cherry trees were selected at BBP. All plants were 
preferentially selected to be of similar size and fruit crop density across species, and 
conspecifics were located at least 150m apart. To account for local fruit density, the 
density of fruiting plants was quantified by surveying all fruiting plants within a 25m 
radius surrounding each of the 50 focal plants. To account for the position of each plant 
in study site, the distance from the edge of the site was estimated for each of the 50 focal 
plants at LSP using Google Earth Pro Version 7.1.2.2041.  
3.2.3   Bird Sampling 
3.2.3.1   Sampling of Birds at Fruiting Plants. Bird surveys were conducted to quantify 
and identify avian species at fruiting plants. Surveys were conducted between May and 
October of both 2009 and 2010 at LSP, and between May and October of 2010 at BBP. 
Three 15-minute watches were conducted between sunrise and 10am at each plant over 
the duration of the plant’s fruiting period starting from when at least half of the fruit on 
plant was ripe. During each watch, an observer stood approximately 10 meters away from 
the selected plant and recorded (1) the quantity of individual birds and species of bird that 
visited the plant and (2) whether or not each bird was actively foraging on the fruit of the 
plant.  
3.2.3.2   General Bird Sampling. General bird surveys were conducted in order to 
compare the species composition between communities at fruiting plants and the broader 
avian community at LSP. A standard point count protocol (Huff et al. 2000) was used to 
survey birds across LSP and BBP. An observer was positioned at each point count 
location for duration of 5 minutes between the hours of sunrise and 10am. During the 
!!27!
point count, the observer recorded all birds detected by sight and sound for an unlimited 
distance. Detection distance was recorded as within or outside a 50m radius around the 
observer. Eight point counts were conducted at seven locations throughout LSP between 
June 17th and October 25th  of 2014 plus one count on May 28th 2014 and 3 point counts 
at 7 sites throughout BBP between May 2nd and May 28th of 2014.  
 
3.2.4   Urban and Suburban Fruiting Plant Surveys 
In order to compare fruit resources in urban and suburban habitats, species density and 
composition of bird-dispersed fruiting plants were quantified across an urbanized 
landscape in the New York Metropolitan region of New Jersey. Fruiting plants were 
surveyed at five urban and four suburban sites. Urban and suburban sites were 
categorized based on average percent impervious surface cover with urban areas having 
<50% impervious surface cover and suburban areas having between 25 and 50% 
impervious surface cover. Percent impervious surface was determined using iTree 
Canopy 2015 Version 6.1. All sites had experienced past anthropogenic disturbance and 
their existing communities are the product of spontaneous assembly. Urban sites include 
the Liberty State Park brownfield (LSP, described above), an abandoned railway behind 
the Jersey City Harsimus Cemetery (JCC), an abandoned reservoir (JCR), a brownfield 
site in Kearny Marsh within the New Jersey Meadowlands (KM), and a previously 
abandoned property within Laurel Hill Park, which surrounds “Field Station: Dinosaurs” 
Theme Park in Secaucus (DINO; Figure 2.3). Suburban sites include the site of an 
abandoned village in Watchung Reservation (WATCH1), a former archeological field 
site in Watchung Reservation (WATCH2), a managed habitat area of the Great Swamp 
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National Wildlife Refuge (GSW), and the old fields and secondary forest regions of 
Hutcheson Memorial Forest (HMF, refer to Chapter 3 for a detailed description of HMF; 
Fig 2.3).  
 
 
Figure 3.3  Google Earth V 7.1.5.1557 image of urban and suburban fruiting plant survey 
locations.  
 
 Three to five 50 meter line transects were run at each study site. Twenty-five 2x2 
meter plots were established on either side of each transect. Within each plot, the percent 
cover of fruiting plants was recorded. This included plants growing directly within the 
plot area as well as the area covered by overhanging plants. Total percent cover of each 
species within each transect was assigned a cover score of 1-5 (1=0-20%, 2=21-40%, 
3=41-60%, 4=61-80%, 5=>80%). Fruiting plant density was calculated as the sum of 
percent cover scores (CS) for each transect.  
3.2.5   Data Analysis 
Data were analyzed using SPSS 2013 Version 21 Statistical Software. Before analysis, 
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log transformations were performed on all data as log10(x+1) to improve normality for 
parametric testing while accounting for zero values in the data set. A general liner model 
(GLM) was applied to the data to describe relationships among variables. Significance 
between samples was confirmed by a Tukey post-hoc test. One-way Analysis of Variance 
(ANOVA) was used to determine significance between two independent variables. Non-
metric Multidimentional Scaling was performed in RStudio Version 0.98.1091 (R Core 
Team 2014) with the package Vegan (Oksanen et al. 2015) to analyze variation in plant 
communities between urban and suburban sites. Significance was set at p=0.05 for all 
analyses.  
3.3   Results 
3.3.1   Birds and Fruit: Liberty State Park 
The aim of this investigation was to document avian use of native and non-native bird-
dispersed fruits in an urban spontaneously vegetated habitat. It was hypothesized that 
birds would be attracted to both native and non-native fruits. To test this hypothesis, the 
abundance of birds visting and feeding from native and non-native fruits was quantified 
per 15min count. The mean number of birds visiting and feeding from fruiting plants at 
LSP varied significantly across bird species and plant species (visits GLM, p<0.001and 
p<0.001, Figure 3.4; feeds GLM, p<0.001and p<0.001, Figure 3.5) and a significant 
interaction was found between bird and plant species (visits GLM, p<0.001; feeds GLM, 
p<0.001, Table 3.1), but neither feeding rates nor visitations varied significantly based on 
fruit origin. Twenty-five species of birds were recorded visiting and feeding from fruiting 
plants at LSP (full species list and mean visitation and feeding observation rates are 
reported in Appendix A). Fruiting plant density surrounding each plant did not vary 
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significantly among focal plants and the distance of plants from the edge of the study site 
did not significantly effect visitation rates. Overall, mean visits to fruiting plants were 
significantly higher for black cherry and white mulberry compared to autumn olive, 
grape, and porcelain berry (GLM, Tukey post-hoc, p<0.001 in all cases, Figure 3.4). 
Feeding observations for black cherry were significantly higher than grape, autumn olive 
and porcelain berry (GLM, Tukey post-hoc, p<0.001 in all cases), and notably higher 
than mulberry, but this was not significant (GLM, Tukey post-hoc, p=0.074; Fig 3.5). 
Feeding observations for mulberry were higher than grape and porcelain berry (GLM, 
Tukey post-hoc, p<0.001 for both species) and notably higher, but above the significance 
level compared to olive (GLM, Tukey post-hoc, p=0.063).  
 
 
Figure 3.4  Mean number of birds (per 15 minute count) visiting fruiting plants at LSP. 
Bars that share the same letter are not significantly different. See text for p-values and 
Table 3.1 for ANOVA results. Error bars represent +/- 1 standard error.  
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Figure 3.5  Mean number of birds (per 15 minute count) observed feeding on plants at 
LSP. Bars that share the same letter are not significantly different. See text for p-values 
and Table 3.1 for ANOVA results. Error bars represent +/- 1 standard error.  
 
Table 3.1  Analysis of Variance in Mean Visitations (V) and Feeding Observations (F) of 
Birds to Fruiting Plants Due to Bird Species (Bird) and Plant Species (Shrub). See 
Figures 3.4 and 3.5 for data. 
 
 Of the 25 recorded species, approximately 80% of both visitations and feeding 
observations were comprised of American robins (Turdus migratorious) and gray 
catbirds (Dumetella carolinensis), both facultative frugivores.  Results for visitation rates 
and feedings observations showed slightly different patterns. The mean number of visits 
by American robins was highest for black cherry and white mulberry. Visits by robins to 
black cherry were notably higher than mulberry, but this was just above the significance 
level (GLM, Tukey post-hoc, p=0.059). However, observations of robins feeding on 
cherries were significantly higher than mulberry (GLM, Tukey post-hoc, p=0.003). Visits 
by robins to black cherry were significantly higher than those to autumn olive, wild 
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grape, and porcelain berry (GLM, Tukey post-hoc, p<0.001 in all cases) and feeding 
observations were significantly higher for black cherry compared to all other species 
(GLM, Tukey post-hoc, mulberry p<0.003, p<0.001 in all other cases). Visitations by 
robins to white mulberry were significantly higher than wild grape and porcelain berry 
(GLM, Tukey post-hoc, p=0.001), but feeding observations were significantly lower than 
mulberry only for porcelain berry (GLM, Tukey post-hoc, p=0.042). Mean visits of gray 
catbirds to fruiting plants did not differ among any plants species; however, observations 
of gray catbirds feeding on black cherries were significantly higher than autumn olive 
and grape (GLM, Tukey post-hoc p<0.041, p<0.041, 0.022). American robins were found 
visiting black cherry trees at a significantly higher rate that than of gray catbirds 
(ANOVA, p<0.001, Figure 3.6), but no other significant differences were deteceted 
between these two species for visitations (Figures 3.6 and 3.7).  
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Figure 3.6  Mean number of birds visiting fruiting plants for the two dominant species at 
LSP. Bars that share the same letter are not significantly different. Asterisks represent 
significant differences between species (American robin and gray catbird). See text for p-
values and Table 3.1 for ANOVA results. Error bars represent +/- 1 standard error.  
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Figure 3.7  Mean number of birds observed feeding from fruiting plants for the two 
dominant species at LSP. Bars that share the same letter are not significantly different. 
Asterisks represent significant differences between species (American robin and gray 
catbird). See text for p-values and Table 3.1 for ANOVA results. Error bars represent +/- 
1 standard error.  
 
3.3.2   General Bird Surveys at LSP 
Standard point counts were conducted to compare bird species composition at fruiting 
plants to the broader bird community at LSP (see Appendix B for full species lists). 
Because protocols differed in time and format for counts of birds at fruiting plants and 
general point counts, the percent of each species recorded during each survey is used to 
standardize bird abundance. Forty-five species of birds were recorded during the point 
counts. Similarly to the fruiting plant surveys, American robins and gray catbirds were 
the most common species recorded during point counts, comprising 22% and 15% 
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respectively. However, the mean percent of American robins and gray catbirds was 
significantly lower (ANOVA, p<0.001, p=0.01) than that of counts at fruiting plants 
(Figure 3.8).  
 
Figure 3.8  Mean percent of birds recorded during surveys at fruiting plants (fruit) and 
general point counts (general) for the two dominant species at LSP. Asterisks represent 
significant differences between species for each observation type. See text for p-values. 
Error bars represent +/- 1 standard error.  
 
 Both bird and fruit abundances are dependent on seasonal variation. Populations 
of American robins and gray catbirds fluctuate throughout the year in New Jersey due to 
the migratory patterns of each species and certain plants bear fruit earlier than others. At 
LSP, white mulberry began producing ripe fruit in Mid to late May, black cherry began 
producing ripe fruit in mid to late June, grape began producing ripe fruit in late June to 
early mid July, and autumn olive and porcelain berry began producing ripe fruit in early 
August to mid September. To determine if variation in bird visitations to plants is due to 
temporal variation, visitations were quantified during spring migration season (mid May 
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to early June), breeding season (mid-June to early September) and fall migration (mid 
September through mid October). General point counts show that populations of 
American robins and gray catbirds were stable across most of the time frame in which the 
study was conducted (May through October). No significant differences were found in 
the number of birds recorded during point counts conducted during migration and 
breeding times (Figure 3.9).  
 
 
Figure 3.9  Mean number of birds recorded during point count surveys at LSP for the 
two dominant species. No significant differences were found across seasons. Error bars 
represent +/- 1 standard error.  
 
3.3.3   Site Comparison: LSP and BBP 
To compare avian use of fruiting plants in two different habitat types, birds visiting white 
mulberry and black cherry trees were recorded at an actively managed park (BBP) with a 
more open landscape compared to the dense spontaneous vegetation at LSP. Data were 
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collected at BBP in 2010 only; therefore, only data from 2010 at LSP are used to 
compare the two sites. It was hypothesized that bird communities associated with fruiting 
plants in an urban wildland would be differnet from those at an urban park. This 
hypothesis was supported in that visitations of birds to fruiting plants varied significantly 
due to bird species, site (LSP and BBP), the interaction of bird species and site, the 
interaction between bird species and plant species (mulberry and cherry), and the 
interaction of bird species, plant species, and site (see Table 3.2 for GLM results with p 
values). Observations of birds feeding on mulberry and cherry varied significantly due to 
bird species, the interaction of birds species and site, the interaction of plant species and 
site, and the interaction of bird species, plant species, and site (see Table 3.2 for GLM 
results with p values). Visitations to black cherry were significantly higher at LSP 
compared to BBP (ANOVA, p=0.029), but visitations to white mulberry were not 
significantly different between the sites (Figure 3.10). For feeding observations, however, 
no difference was observed between the two sites for black cherry, but observations at 
mulberry were significantly higher at BBP compared to LSP (ANOVA, p=0.021, Figure 
3.11). 
 
Table 3.2 Analysis of Variance in Mean Visitations and Feeding Observations of Birds at 
Fruiting Plants Due to Bird Species, Site (BBP/LSP) and Plant Species (Shrub)  
See Figure 3.6 for Data 
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Figure 3.10  Mean number of birds recorded during surveys at fruiting plants at BBP and 
LSP. Asterisks represent significant differences between sites for each plant species. See 
text for p-values. Error bars represent +/- 1 standard error.  
 
 
Figure 3.11  Mean number of birds recorded feeding from fruiting plants at BBP and 
LSP. Asterisks represent significant differences between sites for each plant species. See 
text for p-values. Error bars represent +/- 1 standard error.  
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 Only 10 species of birds were recorded visiting Black Cherry and Mulberry trees 
at BBP, compared to 16 at LSP (Table 3.3). Similarly to LSP, at BBP American Robins 
and Gray Catbirds comprised a large percentage of the total visitations recorded (31% 
and 23% respectively). However, at BBP, non-native European Starlings (Sturnus 
vulgarus) also made up a large percentage of visits to fruiting plants - 27% at BBP 
compared to only 0.83% at LSP. The mean number of visits and feeding observations did 
not vary significantly between black cherry and mulberry for any of the three dominant 
species at BBP, although feeding observations for European starlings are notably higher 
for mulberry compared to black cherry (ANOVA, p=0.083).  
 Another notable distinction in species composition at fruiting plants between the 
two sites is the prevalence of non-native English House Sparrows (Passer domesticus) at 
BBP (8% of visits), a species which was absent from both fruiting plant surveys and 
general point counts at LSP. Overall, native bird species were more common on fruiting 
plants at LSP compared to BBP (ANOVA, p<0.001) and non-native bird species were 
more common on fruiting plants at BBP compared to LSP (ANOVA, p<0.001; Figure 
3.12).  
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Table 3.3  List of Bird Species Visiting Black Cherry and White Mulberry Plants at LSP 
and BBP for the Year 2010. Native origin indicates the species is native to the 
Northeastern United States, non-native indicates a bird species that is outside its native 
range. Means visits to plants are reported with 95% confidence intervals.  
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Figure 3.12 Mean number of native and non-native birds recorded during surveys at 
fruiting plants at BBP and LSP. Asterisks represent significant differences between sites 
for native and non-native birds. See text for p-values. Error bars represent +/- 1 standard 
error.  
 
3.3.4   General Bird Surveys at BBP 
As with LSP, standard point counts were used to compare bird species composition at 
fruiting plants to the broader bird community at BBP. Again, the percent of each species 
recorded during each survey is used to standardize bird abundance between general 
surveys and surveys at fruiting plants. At BBP American Robins (17%) and European 
Starlings (15%) were the dominant species. Gray Catbirds made up only 6% of birds 
recorded during point counts. Although the percent of all three species at fruiting plants 
was slightly higher than that of general point counts, the variation between observation 
types was not significant for any of the three species (Figure 3.13).  
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Figure 3.13  Mean percent of birds recorded during surveys at fruiting plants (fruit) and 
general point counts (general) for the three species at BBP. At LSP, American Robins 
and Gray Catbirds were found in higher densities at fruiting plants compared to general 
point counts. At BBP, no significant variation was found between the two observation 
types. A slight trend towards higher percentages of species at fruiting plants can be noted. 
Error bars represent +/- 1 standard error.  
 
3.3.5   Fruiting Plant Surveys in Urban and Suburban Bird Habitats 
To quantify the availability of bird-dispersed fruits across New Jersey’s urbanized 
landscape, fruiting plant surveys were conducted in urban and suburban habitats in the 
New York Metropolitan area of New Jersey. It was hypothesized that fruiting plant 
density would be higher in urban habitats compared to suburban habitats. This hypothesis 
was not supported by the data. Overall, the mean total cover score (CS) did not vary 
significantly between urban and suburban habitats. However, the variation in plant 
community composition was highly significant between the two landscape types (see 
Table 3.4 for GLM results and Table 3.5 for species lists). Results of the NMDS analysis 
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indicate greater variation among urban fruiting plant communities compared to suburban 
plant communities (Figure 3.14). Native fruiting plant cover explains little of the 
variation among plant communities, but suburban sites are slightly more closely 
associated with increasing non-native plant cover compared to urban sites (Figure 3.14). 
ANOVA results agree that neither native nor non-native fruiting plant cover vary 
significantly between landscape types; however, non-native cover is notably higher in 
suburban sites (p=0.054; Figure 3.15).  
 
Table 3.4 Analysis of Variance in Mean Total Cover Score for Fruiting Plants Due to 
Landscape, and Plant Species 
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Table 3.5 List of Bird-dispersed Fruiting Plant Species in Urban and Suburban Habitats 
Native Origin Indicates The Species is Native to the Northeastern United States, Non-
native Indicates a Species that is Outside Its Native Range Means Cover Score Totals for 
Plants are Reported with 95% Confidence Intervals. 
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Figure 3.14 NMDS plot comparing fruiting plant cover in urban and suburban habitats. 
Dots represent sites (black=suburban, gray=urban) and plus signs represent species (see 
Table 2.5 for species names). The location of sites in relationship to each other within the 
plot area indicates the degree of dissimilarity in species composition among sites, with 
more similar sites being closer together. Species located closer to a site are assumed to 
have higher abundance at that site compared to sites located further away in the plot area. 
Ellipses represent 95% confidence intervals. Overlapping ellipses generally indicate a p-
value above 0.05 (see Table 2.4 for GLM results with p-values). Arrows point in the 
direction of increasing change for the indicated variable and the length of the arrow 
indicates the strength of the relationship between the indicated variable and community 
composition.  
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Figure 3.15 Mean total cover score for native and non-native bird-dispersed fruiting 
plants at urban and suburban sites. No significant variation was found between the two 
landscape types; however, a non-native fruiting plant cover is notably higher in suburban 
sites (ANOVA, p=.054).  
 
 
3.4    Discussion 
3.4.1   Birds and Berries at Liberty State Park 
In this study, bird use of two common native and three common non-native fruits in an 
urban habitat is investigated. Overall, the hypothesis that birds are attracted to both native 
and non-native fruiting plants was supported in that bird abundance at fruiting plants was 
not realted to plant origin. Bird visitations and feeds were highest for native black cherry 
and non-native mulberry, which was slightly surprising. These two species are the earliest 
to fruit, yet had similar, if not higher, rates of visitations and feeding observations for the 
two most common frugivores (American robins and gray catbirds) compared to autumn 
olive and porcelain berry, which are abundant at LSP during fall migration (Litwhiler 
personal observations). Migratory birds are known to increase fruit consumption during 
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fall migration (Herrera 1984, Parrish 1997); however the results of this study illuminate a 
need to investigate this pattern in urban communities where early-fruiting plants may be 
common. The results of the comparison of fruiting plant communities in urban and 
suburban landscapes show that mulberry and black cherry trees may be much more 
common in urban sites compared to suburban sites. This raises the question of whether or 
not the prevalence, and apparent attractiveness observed in the present study, of these 
spring and summer fruits has nutritional implications for urban passerines, like robins and 
catbirds, who typically feed on higher percentages of insects compared to fruits during 
the breeding season (Cimprich and Moore 1995, Sallabanks and James 1999). 
 Nutrition is an important factor in avian feeding ecology. Birds have been shown 
to select higher quality lipid-rich fruits over lower quality high-sugar fruits (Schaefer et 
al. 2003a, Smith et al. 2013). White and Stiles (1991) categorized fruiting plant species in 
New Jersey as high quality (having ≥ 10 % dry mass lipid) or low quality (having < 10% 
dry mass lipid). According to this system, four of the five focal plants in this study are 
considered to bear low quality fruits (White and Stiles 1992, Smith et al. 2007b). A 
nutrient analysis for porcelain berry has not been found. The results of the urban and 
suburban fruiting plants surveys show that only 2 out of the 17 bird-dispersed fruiting 
plants species recorded in urban sites are considered high quality. Only 3 out of the 19 
species recorded in suburban sites are considered high quality. However, according to a 
plant species list published on the Hutcheson Memorial Forest website 
(http://hmf.rutgers.edu/biota.html, compiled from published literature and field notes) 
several species from two other genera of  high-quality fruits, Cornus spp. and Viburnum 
spp. exist at that site (White and Stiles 1992, Smith et al. 2007b). It may be that these 
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plants were too rare to occur in any of the random transects for this study, or it could be 
that these species are located in, or closer to, the primary forest region of the site, which 
was not surveyed for this study.  
 Several studies have shown that non-native fruits are often lower in quality 
compared to native fruits (White and Stiles 1992, Drummond 2005, Gosper and Vivian-
Smith 2010, Smith et al. 2013) and non-native plants have been shown to increase in 
abundance in urban areas (Kowarik 1990, McKinney 2008b, Aronson et al. 2015b), 
leading to the prediction that urban communities will have relatively high densities of 
low-quality fruits. The present results agree with this prediction; however, it seems that 
there is also a lack of high-quality native fruits available to birds in spontaneous urban 
habitats. Native black cherry, one of the dominant native bird-dispersed plants at LSP, is 
both low in quality and highly attractive to the birds in this study. Without a more 
nutritious alternative, birds may be obtaining energy from sugary fruits, but not an 
adequate intake of protein or fat (Levey and Rio 2001). It could be that birds are 
sufficiently compensating for the intake of low-quality resources with insect or other 
nutrient-rich resources. Cedar waxwings are adapted to a high-sugar fruit diet (Witmer 
1996), yet have been shown to avoid Viburnum opulus fruits that have gained sugar 
concentration over the winter until the protein-rich catkins of other plants are available as 
a dietary supplement in the spring (Witmer 2001). The results of the present study 
demonstrate a need to quantify nutrient intake in frugivourous birds in urban habitats to 
determine if the high-densities of attractive, low-quality fruits can create a trap for 
breeding or migrating birds.  
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 Another important factor that can influence avian use of fruiting plants is local 
fruit crop density (Sargent 1990, Sallabanks 1993, Carlo and Morales 2008, Gleditsch 
and Carlo 2011). Local fruit densities did not differ significantly in this study; however, 
all plants were surveyed on the same date and densities reflect plant densities and not 
crop densities. Quantifying the local crop density as opposed to plant density may 
produce more accurate results regarding the influence of fruit density on visitation rates 
and feeding observations.  
 The overall size and fruiting area of each plant was standardized as well as 
possible across species, but the growth habit differed among species. Trees, like black 
cherry and mulberry, may simply allow for more birds to congregate in an area of equal 
size compared to the shrub habit of autumn olive and the vine habit of grape and 
porcelain berry. However, only visitation rates were higher for both mulberry and black 
cherry compared to all other focal species, whereas feeding observations for olive were 
not significantly different than mulberry. Feeding observations were generally low, 
possibly due to low detection amid dense foliage, therefore, in this study visitations may 
be a better indicator of the relative attractiveness of fruits. At least one study found a 
positive relationship between bird species abundances around fruiting plants and the 
percentage of seeds of those plants in fecal samples (Suthers et al. 2000). The results of 
the comparison of birds surveys at fruiting plants to general point counts show that 
densities of American robins and gray catbirds are significantly higher in counts at 
fruiting plants, suggesting that these species congregate on fruiting plants to feed. At both 
BBP and LSP, general point counts were not conducted in the same year as fruiting plant 
point counts. Here, it is assumed that communities are similar across the two years in 
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between the observations, but it is unknown whether populations fluctuate significantly 
by year within the study sites. It is important to note the possibility that results may have 
been different had all counts been conducted in the same year. Much of the results 
presented here focus on three common species with stable populations in the study region 
and it is likely that their populations are stable within the time frame of the study.  
 The relatively high visitation rates to trees observed for combined species did not 
apply to all individual species at LSP. American robins and gray catbirds differed in their 
visitation rates and feeding observations at fruiting plants, and neither species 
consistently visited trees more than olive or vines. Birds are known to consume and 
disperse fruits from plants of different habits, such as trees, shrubs and vines (White and 
Stiles 1992, Smith et al. 2007b, Gleditsch and Carlo 2011), and growth habitat is rarely, if 
at all, taken into account in other studies when considering how birds use fruiting plants. 
Interspecific variation in fruit use among birds can be related to both the functional and 
physiological traits of birds (Levey and Rio 2001, Schaefer et al. 2003a). Comparatively 
low use of grape in American robins has been reported elsewhere and can possibly be 
attributed to their inability to digest sucrose or toxic secondary metabolites (Malcarney et 
al. 1994); however catbirds also lack the ability to digest sucrose (Malcarney et al. 1994), 
yet were found visiting and feeding from grapes at similar rates to other fruiting plant 
species. American robins and gray catbirds both belong to the order Passeriformes and 
the monophyletic sturnid-muscicapid lineage that includes starlings, thrushes and mimids 
(Sibley and Ahlquist 1990). Both species tend to swallow fruit whole, as opposed to some 
birds that “mash” fruits (Levey 1987, Corlett 2011), and both have similar habitat 
preferences (Cimprich and Moore 1995, Sallabanks and James 1999). The differences in 
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fruit use between these two very similar birds species, as well as variation in fruiting 
plant traits, underscores the need to consider interspecific variation when examining 
avian fruit use (Suthers et al. 2000, Levey and Rio 2001).  
3.4.2   Site Comparison: LSP and BBP 
In this study, the variation in avian assemblages associated with common urban fruiting 
plants is compared in an unmanaged, spontaneously vegetated urban wildland (LSP) and 
an urban park (BBP) that is managed for recreation purposes. The original intention was 
to include the same five species of fruiting plants at both sites, however, not enough 
individuals could be located for each species at BBP, therefore only black cherry and 
white mulberry are included in this comparison. It was hypothesized that bird 
communities at fruiting plants would differ between the urban wildland and the urban 
park. This hypotheisis was supported by significant differences birds species abundances, 
partucularly non-natives, based on habitat type. species and percent of non-native species 
Similar, to LSP, American robins and gray catbirds were relatively common at BBP; 
however, invasive European starlings were over 30 times more common on fruiting 
plants at BBP compared to LSP. Like American robins and gray catbirds, European 
starlings are facultative frugivores (Cabe 1993) in the order Passiformes and the sturnid-
muscicapid lineage (Sibley and Ahlquist 1990). However, starlings are loud, aggressive 
and gregarious compared to robins and catbirds and prefer more open lawns to dense 
foliage (Cabe 1993). This is likely the reason for their low abundance on both fruiting 
plant visitations and general point counts at LSP. The prevalence of both European 
starlings and invasive house sparrows at BBP compared to LSP is an important finding, 
but not an unexpected one. Overall, non-native bird species were more abundant at BBP, 
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which agrees with previous research showing that densities of non-native birds, like 
house sparrows and starlings, increase in unban areas (Marzluff 2001, Chace and Walsh 
2006). The present results show that this pattern may be context dependent. It is possible 
that the dense vegetative community at LSP acts as a buffer against competitive non-
naitve birds, which are better adapted to the open environment of city streets and parks. 
In terms of fruit use, this result suggests that in urban wildlands, native birds have greater 
access to fruit resources with limited competition from non-native birds. A recent review 
by Bonthoux et al. (2014) on urban wasteland biodiversity showed that urban 
spontaneously vegetated sites, such as LSP, can be higher in biodiversity than other types 
of urban green spaces. However, only one study from this review focused on bird 
communities (Meffert and Dziock 2013) making it is clear that further studies are needed, 
especially in the United States. Out of the 37 articles reviewed, only 3 were from the U.S. 
and two out of the three were studies conducted at LSP (Hofer et al. 2010, Gallagher et 
al. 2011, Bonthoux et al. 2014). Studies, such as the present investigation, contribute to a 
growing understanding of the value of urban spontaneous vegetation for conservation 
efforts and illuminate a need for further investigation into the effect of different habitat 
types on bird communities in urban areas.  
3.4.2 Urban and Suburban Fruiting Plant Communities 
In this study, variation in fruiting plant communities between urban and suburban sites in 
the New York Metropolitan area of New Jersey was investigated. It was hypothesized 
that spontaneously vegetated sites in urban areas would have higher densities of fruiting 
plants compared to similar sites in suburban areas. The data did not support this 
hypothesis, which was based on the tendency for non-native plant species to increase in 
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abundance in urban areas (Aronson et al. 2015b) and the high proportion of those species 
that produce fleshy fruits (Aslan and Rejmanek 2010). Although the density of fruiting 
species did not vary significantly between the two landscape types, both ANOVA results 
and the NMDS show that densities of non-native fruiting plants may be slightly in 
suburban sites. One explanation for this result could be a higher density of gardens 
containing fruiting ornamentals in suburban residential neighborhoods. Both plant and 
bird diversity have been linked to human landscape preferences and other socioeconomic 
factors in urban areas (Kinzig et al. 2005, Walker et al. 2009). Incorporating human 
demographic variables into future analyses of fruiting plant densities in urban areas may 
aid in the interpretation diversity patterns.  
 Certain fruiting plant species were consistently present in urban sites, but rare or 
undetected in suburban sites and vice versa. The most striking result from the NMDS 
analysis is the far greater degree of variation in urban fruiting plant communities 
compared to suburban communities. Urbanization has been linked with biotic 
homogenization (McKinney 2006); however, within cities, as opposed to among cities, 
urbanization may increase variation among sites (Aronson et al. 2015b). In a study 
analyzing woody plant assemblages in the New York Metropolitan area, Aronson et al. 
(2015) found that urbanization increased beta diversity, as opposed to lowering it, as 
would be expected with homogenization. The high degree of variation among urban plant 
communities can possibly be attributed to high landscape heterogeneity within cities 
compared to less urban areas (Aronson et al. 2015b). The results of the present study 
agree with these findings and present an opportunity to rethink our understanding of 
biodiversity in urban communities and a need for further investigation.  
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CHAPTER 4 
TROPHIC TRANSFER OF HEAVY METALS IN AN URBAN BROWNFIELD 
4.1   Background 
The prevalence of heavy metals in anthropogenic soils is a widespread risk to bird 
populations (Burger 1993, Roodbergen et al. 2008, Tsipoura et al. 2008, Kim and Oh 
2014a). This is particularly concerning in urban areas where birds populations are already 
declining due to habitat loss and fragmentation and where polluted soils are predominant 
(Marzluff 2001, Chace and Walsh 2006, Rodewald et al. 2013, Aronson et al. 2014). 
Therefore, maintaining and developing safe habitat space within cities is necessary for 
conservation (Aronson et al. 2014).  
 Recently, the potential conservation value of spontaneously vegetated urban 
wildlands, such as those that arise on abandoned lots, has gained recognition (Meffert and 
Dziock 2012, Bonthoux et al. 2014). These unique habitats are highly attractive to birds 
and may provide a much needed urban refuge, particularly for sensitive migrants species 
(Craves 2009). However, anthropogenic habitats have the potential to be polluted 
(Gallagher et al. 2008b) and it is increasingly important to understand if wildlife 
populations can be safely sustained in such places (Chace and Walsh 2006, Stracey and 
Robinson 2012).  
 Brownfields often contain elevated levels of heavy metals and are a widespread 
example of abandone d post-industrial sites that can be claimed by dense spontaneous 
vegetation over time (Jennings et al. 2002, Gallagher et al. 2008b). Consequently, these 
sites could impart a greater risk than benefit to the species they attract by acting as an 
“attractive nuisance” (Rubin and Fredricks 2007) or ecological trap (Schlaepfer et al. 
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2002) for birds. Heavy metals are a group of elements that exhibit metallic properties and 
relatively high atom weights (Alloway 2013b), including low-dose toxins such as lead 
(Pb; Alloway 2013b), as well as micronutrients such as Copper (Cu), which are required 
by organisms in small amounts, but toxic above a critical threshold (Alloway 2013a). 
Elevated levels of heavy metals are often the product of industrial activity and can 
pervade wildlife habitats through leaching into aquatic systems, atmospheric deposition 
from emissions, and terrestrial soil contamination from industrial materials (Alloway 
2013b). These elements are then transferred to living organisms through external 
exposure (Heikens et al. 2001), inhalation (Cui et al. 2013), or via the food web (Heikens 
et al. 2001, Burger 2002, Feisthauer et al. 2006, Roodbergen et al. 2008, Cui et al. 2011).  
 Ingestion of food is known to be the primary mode of contaminant transfer to 
birds (Smith et al. 2007a); however it is important to quantify trophic transfer due to 
environmental and interspecific variables that can contribute to bioavailability and 
biotransfer of specific elements in individual systems (Smith et al. 2007a, Tsipoura et al. 
2008, Peralta-Videa et al. 2009, Lucia et al. 2012, Abbasi et al. 2015). As metals are 
transferred within the food web, they typically bioaccumulate and/or biomagnify across 
trophic levels, leading to increased concentrations in organisms, such as birds, that 
occupy higher trophic levels (Hunter and Johnson 1982, Chen et al. 2000, Burger 2002)  
 Heavy metal exposure can cause a range of toxic effects on birds that lead to a 
reduction in their health and fecundity (Burger and Gochfeld 1988, 1997, Burger 2008, 
Eeva et al. 2009, Beyer et al. 2013, Eeva et al. 2014). For this reason, birds have long 
been shown to be effective bioindicators of environmental quality (Burger 1993, Burger 
and Gochfeld 1997, Carson 2002, Burger and Gochfeld 2004, Tsipoura et al. 2008, 
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Koivula and Eeva 2010, Lodenius and Solonen 2013, Markowski et al. 2013, Rainio et al. 
2013). Several methods can be used to quantify metal accumulation in birds, including 
destructive or invasive sampling methods such as internal tissue and blood collection 
(Cui et al. 2013). To limit the impact of sampling on individual birds, feathers and 
excrement can provide useful and non-destructive measures of exposure from the 
surrounding environment (Burger 1993, Lodenius and Solonen 2013, Markowski et al. 
2013, Kim and Oh 2014a, Abdullah et al. 2015). During the time of development, each 
feather is attached to a blood vessel, acting as a record of blood contaminant levels 
(Burger 1993). Excrement can be used as both a bioindicator and as a measure of 
contaminant excretion from a bird’s system (Dauwe et al. 2000).  
 Many studies to date focus on quantifying metal concentrations in wetland species 
(Burger and Gochfeld 1988, Burger 1994, Carvalho et al. 2013, Burger et al. 2014, Kim 
and Oh 2014a, b). Recently, researchers have begun to investigate effects of heavy metals 
on terrestrial passerines (Eeva et al. 2009, Hofer et al. 2010, Eeva and Lehikoinen 2013). 
Of the studies on terrestrial species and habitats, many focus on breeding performance or 
effective bioindication methods (Dauwe et al. 2000, Tsipoura et al. 2008, Eeva et al. 
2009, Hofer et al. 2010, Belskii and Belskaya 2013, Eeva and Lehikoinen 2013). 
Furthermore, many studies are based on laboratory assessments of health risk and trophic 
transfer (Burger and Gochfeld 1988, 1997, Dauwe et al. 2006, Markowski et al. 2013) or 
focus on effects of one or two specific elements (Burger and Gochfeld 1988, Scheifler et 
al. 2006, Eeva et al. 2014, Rainio et al. 2015). However, few studies have been found that 
examine heavy metal effects on free-living birds in moderately polluted terrestrial 
habitats and focus on a suite of metals (Eeva et al. 2009, Hofer et al. 2010, Orlowski et al. 
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2014). Furthermore, studies were that examine the trophic transfer of metals in this 
specific, but predominant environment seem to be lacking.  
 Certain brownfield plant species have been shown to bioaccumulate heavy metals 
in below and above ground tissues (Gallagher et al. 2008a, Gallagher et al. 2008b). 
Metals in above ground tissue can be transferred to herbivorous invertebrates, and in turn, 
transferred to foraging birds (Peralta-Videa et al. 2009). Hofer et al. (2010) showed that 
nestling house wrens (Troglodytes aedon) in a brownfield site had higher levels of metals 
in their feathers when compared to a reference site; however nestling growth and 
development were not negatively affected.  
 Many species of urban birds take advantage of other food resources, such as 
fleshy fruits (Smith et al. 2013) in addition to animal prey. Plants can take up heavy 
metals from the soil at varying rates depending on the species of plant and the element 
(Gallagher et al. 2008a, Gallagher et al. 2008b, Peralta-Videa et al. 2009, Chibuike and 
Obiora 2014). Many plants do not translocate metals beyond their roots; however some 
plants can accumulate or hyperaccumulate certain elements in their above-ground tissue 
(Gallagher et al. 2008b, Gallagher et al. 2008a, Peralta-Videa et al. 2009, Chibuike and 
Obiora 2014). Madejon et al. (2006) showed that pulp of wild olive fruits reached toxic 
levels for certain heavy metals in a contaminated site in Spain, but other studies of wild 
fruits in contaminated sites appear to be lacking.  
 In this study, the trophic transfer of heavy metal soil contamination in a 
spontaneously vegetated urban brownfield is investigated by (a) using the food chain of a 
common migrant insectivorous songbird as a model and (b) examining the potential 
transfer of heavy metals from fruits to birds. For (a), the concentrations of heavy metals 
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in nestling birds and their prey (terrestrial invertebrates) were quantified and compared to 
levels of metal in the soil in order to determine the degree of bioaccumulation or 
biomagnification across trophic levels. The study was designed to test the hypotheses that 
1) heavy metals are transferred to terrestrial birds in polluted habitats via contaminated 
food and 2) concentrations of heavy metals are higher in birds than their prey. It was 
predicted that heavy metals would be biomagnified as trophic level increases from soil to 
insectivorous birds, but the degree of biomagnification would vary for different elements 
(Roodbergen et al. 2008, Tsipoura et al. 2008, Markowski et al. 2013). For (b), the 
concentration of metals was quantified for several species of bird-dispersed fruits 
growing in an urban brownfield. This part of the study was designed to test the 
hypothesis that bird-dispersed fruits present a mode of heavy metal exposure to birds in 
contaminated sites. It was predicted that fruits growing in heavy metal contaminated soil 
would contain levels metals that are higher than that of fruits from an unpolluted 
reference site (Johnson et al. 1985, Madejon et al. 2006).  
     4.2   Methods 
4.2.1   Study Sites 
Data were collected at two sites in New Jersey, USA. The principal study site, a polluted 
brownfield, is located in the central interior region (40°42’18.90 N, 70°03’05.66 W, 
center point, Figure 4.1) of Liberty State Park (LSP) in Jersey City, New Jersey. The 
1,200 acre park stretches along the waterfront of the Hudson River and Upper New York 
Bay across from New York City, NY. Much of the original marshland of the site was 
filled with industrial material by the Central Railroad of New Jersey, which operated 
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there from the late 1800’s to the mid 1900’s. Rail travel declined over time causing the 
railroad to declare bankruptcy and abandon the property in the 1967. Liberty State Park 
was developed in the 1970’s; however, a 251 acre section of abandoned rail yard was left 
closed to the public due to above-ambient levels of heavy metals in the soil (Gallagher et 
al. 2008a). This restricted area of the park acted as the primary field site for this study. 
The study site has remained relatively untouched since the property was abandoned by 
the railroad and vegetation has assembled spontaneously over the subsequent decades. 
Today, the brownfield consists of a mosaic of shrub, early-successional hardwood forest, 
wetland, and herbaceous plant communities. The assembly of these communities has 
been impacted, if not driven, by high variability in soil metal load throughout the site 
(Gallagher et al. 2008b, Gallagher et al. 2011).  
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Figure 4.1  Google Earth V 7.1.5.1557  image of Liberty State Park. The marker 
indicates the approximate center of the 251-acre study site. The site boundaries are 
indicated by a dotted outline.  
 
 The second site, used as a reference site for the study, is located in Hutcheson 
Memorial Forest (HMF) in Somerset, New Jersey (40°29’55.87” N, 74°34’03.23” W, 
center point, Figure 4.2). Hutcheson Memorial Forest is managed by Rutgers University 
and consists of primary oak forest surrounded by secondary forest and old fields. Data 
from this site were collected from the secondary forest and old field regions. Soil at HMF 
is considered unpolluted and the soil metal concentrations fall within the ambient range 
(Saunders 2002).  
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Figure 4.2  Google Earth V 7.1.5.1557  image of Hutcheson Memorial Forest (HMF). 
This site was used as a reference site to compare heavy metal levels in samples at LSP to 
samples from an unpolluted site.  
4.2.3   Nest Watches 
To determine if  heavy metals are transferred to birds at LSP, concentrations of metals 
were quantified for nestling house wrens as opposed to adults. Since nestlings are 
immobile during the brooding phase, it is possible to confirm that they are being fed with 
prey items from, or at least close to, the site, whereas adult birds will have foraged at 
other locations over the winter and during migration. Nest watches were conducted to 
identify prey taxa. Approximately 70 nest boxes, previously constructed throughout LSP 
(Hofer et al. 2010), were used in the present study. The boxes were checked weekly for 
nesting activity between April and August of 2008. After a nest was established, the 
boxes were checked every 2 days for eggs. Hatch day was approximated as the point at 
which at least half of a clutch had hatched. Two nest watches were conducted at each nest 
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between the hours of 7am and 10am. The first watch occurred between days 4 and 6 days 
after hatch day and the second occurred between days 9 and 11 after hatch day. During 
the watches, an observer was positioned approximately 100m from the nest box. For a 
one hour period, the observer used a spotting scope to record 1) the timing and number of 
visits to the nest by the parents and 2) the taxa of prey delivered to the nestlings at each 
visit.  
4.3.3   Field Sampling 
House Wren Nestlings 
On day 11 after hatching, nestlings were removed from the nest for sampling. 
Approximately ten feathers were collected from each nestling by gently removing 
feathers from the breast by hand. Fecal samples were collected opportunistically when 
available during the processing of each bird. All samples were stored in non-metal 
containers and refrigerated for later analysis.  
 Invertebrates  
 Invertebrates were collected along nine 25m linear transects close to nest sites at 
LSP and 5 random 25m linear transects at HMF. Sweep nets were used to sample 
invertebrates from low vegetation and shrub-layer heights. At each meter along the 
transect, nets were swept once on either side for a total of 50 sweeps per transect. 
Samples were collected from LSP in the summer of 2008, 2010 and 2011 from LSP, and 
in the summer of 2010 and 2011 at HMF. All samples were placed in kill jars containing 
ethyl acetate. The samples were transferred to paper envelopes and  frozen for later 
analysis. Invertebrates from the orders Araneae (spiders), Orthoptera (grasshoppers and 
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katydids), and larvae of Lepidoptera (caterpillars) were selectively sampled from the 
sweep net collections to represent carnivorous, omnivorous, and herbivorous prey of the 
house wrens and to quantify trophic transfer of heavy metals 
Fruit 
 To quantify the transfer of metals to birds via frugivory, fruits were collected 
from LSP in 2010 and 2011, and from HMF in 2011. At least 20 ripe fruits were 
collected directly from all plants. At LSP, fruits from 10 individuals plants from 5 species 
were collected, which included the non-native white mulberry (Morus alba), porcelain 
berry (Ampelopsis brevipedunctulata) and autumn olive (Elaeagnus umbellata), and the 
native black cherry (Prunus serotina) and wild grape (Vitis spp.). The sampled species 
are among the most common bird-consumed fruits at LSP (See Chapter 2 of this 
document). At HMF, fruits from white mulberry were collected. Samples were stored in 
plastic bags and frozen for later analysis.  
Soil samples 
 Soil chemical, physical (soil depth) and biological characteristics (organic matter 
content) were measured at the 34 sampling points in the summer of 2008 at LSP. At each 
sampling point took a soil sample was removed to a depth of 10 cm. Approximate depth 
of developed soil depth was determined by forcing a 2cm diameter soil auger vertically 
into the soil substrate. Samples were dried and separated with dry sieving into sand and 
silt-clay fraction.  Weight of gravel was noted.  A portion of the sample was sent to the 
‘Soil and Plant Tissue Testing Lab’ at the University of Massachusetts in Amherst for 
analysis of buffered pH, organic matter percentage, and macro- and micro-nutrient 
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concentrations. The Amherst lab extracted trace metals with acetic acid and the 
concentrations reported here represent exchangeable and, therefore, plant available levels.   
4.2.3   Metal Analysis of Feathers, Fruits and Invertebrates 
All fruit and invertebrate samples collected from LSP and HMF were transferred to and 
analyzed at the Environmental Toxicology Lab at UMDNJ (now Rutgers New Jersey 
Medical School) in Newark, NJ. Feather, invertebrate, and fruit samples were washed 
three times in deionized water. Feathers were air dried. Invertebrates and fruit were dried 
to weight constance in a drying oven at 60° C. Samples were then digested in a mixture 
of 30% H2O2 and 70% HNO3 and stored in airtight sample tubes for analysis. Metal 
concentrations of four elements, cadmium (Cd), chromium (Cr), lead (Pb) and copper 
(Cu), were determined by atomic absorption spectroscopy. All samples were tested 
against blanks and the Canadian Reference Materials (CRM), dogfish liver for animal 
samples and tomato leaf for plant samples. Minimum detection levels were set as three 
times the standard deviation of the blank readings. Sample readings below minimum 
detection were given a value of zero in the analysis.  
4.2.5   Data Analysis 
Data were analyzed using SPSS 2013 Version 21 Statistical Software. Before analysis, 
log transformations were performed on all data as log10(x+1) to improve normality for 
parametric testing while accounting for zero values in the data set. A general liner model 
(GLM) was applied to the data to describe relationships among variables. Significance 
between samples was confirmed by a Tukey post-hoc test. Significance was set at p= .05 
for all analyses.  
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4.3   Results 
4.3.1   Nest Watches 
Over the 2008 breeding season, 17 of the 70 nest boxes produced a total of 69 nestlings. 
Identifying prey through the spotting scope proved to be difficult with 43% of the total 
prey delivered to the nest left unidentified. In many cases it was only possible to see legs 
in the adult wren’s mouth and not possible to identify the prey organism. The list of 
identified prey items was dominated by Araneae, Orthroptera and Lepidoptera, while 
Coleptera, Hemiptera and Opiliones were rare (see Table 4.1). Adult wrens were 
observed foraging near the nest boxes in all observations, providing strong evidence that 
the most, if not all, of the nestlings food was gathered on site.  
 
Table 4.1  Nest Watch Prey Totals for All Nests Combined  
 
 
!!66!
4.2.2   Metal Analysis 
 Site  Comparison 
Due to low dried samples weights for HMF invertebrates, all invertebrate taxa were 
pooled in the site comparison analysis. Metal concentrations in LSP invertebrate samples 
were higher for Pb (p=0.004, one-way ANOVA) when compared to the reference site 
(HMF) samples (Figure 4.2). Concentrations of Cd and Cr were not significantly different 
at LSP and HMF. Cu concentrations were significantly lower at HMF compared to LSP 
(p=.021, one-way ANOVA, Figure 4.3). 
 
 
Figure 4.3  Comparison of mean log10-transformed dry-weight concentrations for heavy 
metals in invertebrates at LSP (polluted) and HMF (reference site). Significant 
differences between sites are indicated with an asterisk (*). Error bars represent +/- 1 
standard error (see Appendix C for back-transformed values).  
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Figure 4.4  Comparison of mean dry-weight Cu concentrations for invertebrates at LSP 
(polluted) and HMF (reference site) showing significantly higher (p=.021) concentrations 
at LSP. Error bars represent +/- 1 standard error.  
 
Feathers and Feces 
 Metal concentrations in feather samples (n=13) did not exceed soil (n=34) 
concentrations for any element (for values see Appendix C). Soil concentrations of Cu 
and Pb were significantly higher than feathers (GLM, Tukey post-hoc p= 0.02, p< 0.001), 
and no different than soil concentrations for Cd and Cr. All feather sample readings for 
Cr and Cu were below minimum detection levels. Fecal samples (n=10) were 
significantly higher than soil concentrations for Cd and Cu (GLM, Tukey post-hoc 
p<0.001, p<0.001), and significantly below soil concentrations Pb (GLM, Tukey post-hoc 
p< 0.001). All fecal samples were below minimum detection levels for Cr. House wren 
samples were collected from LSP and not HMF (reference site). Previously reported 
comparisons between LSP and HMF have confirmed elevated levels of metal in the 
feathers of house wrens at LSP (Hofer et al. 2010). 
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 LSP Invertebrates  
 Mean concentrations of  Cd, Cr and Cu in Araneae (n= 9) greatly exceeded soil 
concentrations (Tukey post-hoc, p< 0.001 for each element). Soil concetrations of Pb 
greatly exceeded concentrations for all invertebrate taxa (Tukey post-hoc, p< 0.001 for 
each taxon). Orthoptera (n=9) had significantly higher concentrations of Cu compared to 
the soil (Tukey post-hoc, p< 0.001), and slightly higher concentrations of Cr; however, 
this difference was not significant (Tukey post-hoc, p=0.1). Concentrations of Cd did not 
differ between Orthoptera and soil samples. Cadmium, Cr and Cu concentrations did not 
differ significantly between Lepidoptera (n=5) and soil samples.  
 Trophic Transfer 
 A significant relationship  between samples representing different trophic levels  
and tested element was detected (GML, p<0.001, Table 4.2, Figure 4.4 ); however, a 
consistent pattern of biomagnification was not present across trophic levels. This does not 
support the original hypothesis that metals in the brownfield will increase with increasing 
trophic level. Overall, the highest metal loads were observed for Araneae and fecal 
samples. A nominal increase in concentrations is observed across trophic levels from soil 
to Aranae for all elements except Pb. Lead concentrations, although relatively high in the 
soil, did not differ significantly between any two samples. Metal concentrations for 
Lepidoptera larvae (herbivore) were not different from those of Orthoptera (mixed 
herbivore/predator) for Cd and Cr. Copper concentrations were significantly higher for 
Orthoptera compared to Lepidoptera (p= 0.01). Cadmium concentrations in Araneae 
(intermediate predator) were significantly higher than in feathers (predator) and in 
Orthoptera (Tukey post-hoc, p=0.001, p<0.001). Concentrations of Cd in Araneae were 
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notably higher than in Lepidoptera; however, this difference was slightly above the 
significance level (Tukey post-hoc, p=0.055). Araneae concentrations for Cr were well 
above feathers and feces (Tukey post-hoc, p<0.001, p<0.001), Lepidoptera (Tukey post-
hoc, p=0.003), and Orthoptera (Tukey post-hoc, p<0.035). Copper concentrations in 
Araneae were significantly higher than in feathers (Tukey post-hoc, p< 0.001), 
Lepidoptera (Tukey post-hoc, p<0.001) and Orthoptera  (Tukey post-hoc, p= 0.001). 
Concentrations of Cu did not differ significantly between Araneae and fecal samples. 
 
Table 4.2 Analysis of Variance in Mean Log10-transformed Metal Concentration Across 
Trophic Levels Due to Sample (Soil, Lepidoptera, Orthoptera, Araneae, Feathers and 
Feces) and Element (Cd, Cr, Cu, Pb) and the Interaction of Sample and Element (See 
Figure 3.3 and Appendix C for Data) 
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Figure 4.5  Mean log10-transformed dry-weight metal concentrations across trophic 
levels at LSP. Bars that share the same letter are not significantly different. See text for 
significant p-values. Error bars represent +/- 1 standard error.  
 
Fruit  
 Metal concentrations in fruits were relatively low at both LSP and HMF (Figure 
4.5 and see Appendix B for values). Mulberry fruit from LSP had significantly higher 
concentrations of Cd and Pb compared to HMF (ANOVA, p=0.002, p=0.004; Figure 
4.5), but lower concentrations of Cr and Cu compared to HMF mulberry fruit (ANOVA, 
p<.001, p=.021; Figures 4.5 and 4.6).  
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Figure 4.6  Mean dry-weight concentrations of heavy metals in white mulberry fruit at 
LSP (polluted) and HMF (reference). All differences between sites are significant (see 
text for p-values). Error bars represent +/- 1 standard error. 
 
 
Figure 4.7  Mean dry-weight concentration of Cu, a micronutrient, in white mulberry 
fruit at LSP (polluted) and HMF (reference).  
 
 The presence of heavy metals in fruits at LSP supports the hypothsis that heavy 
metals can be transferred to birds svia bird-dispersed fruits. Overall, element 
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concentrations varied significantly among fruit species (GLM, p=0.036), analyzed 
elements (GLM, p<0.001), and the interaction of fruit species and element (GLM, 
p=0.009, Table 4.3). However, in most cases individual metal concentrations did not 
differ significantly between species, with the exception of porcelain berry, which had 
significantly higher concentrations of Cd compared and black cherry and soil (Tukey 
post-hoc, p=0.001, p=0.017, Figure 4.7). No significant differences in Cr concentrations 
were seen among soil and fruit species at LSP. Copper concentrations in fruit at LSP 
were all significantly higher than soil levels (Tukey post-hoc p<0.001 for all species), but 
did not differ among fruit species. Soil levels of lead were greater than concetrations in 
fruit for all species (Tukey post-hoc p< 0.001 for all species).  
 
Table 4.3 Analysis of Variance in Mean Log10-transformed Metal Concentration in Fruits 
at LSP Due to fruit Species, Element (Cd, Cr, Cu, Pb) and the Interaction of Species and 
Element 
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Figure 4.8  Mean log10-transformed dry-weight heavy metal concentrations in fruits at 
LSP. Bars that share the same letter are not significantly different. Error bars represent 
+/- 1 standard error. 
 
 
4.4   Discussion 
The focus of this chapter is the investigation of the trophic transfer of heavy metals to 
birds in an urban brownfield at Liberty State Park. It was hypothesized that metals are 
transferred to birds via contaminated food and that levels of metals are biomagnified 
across the food chain with comparatively high levels occurring in birds. This hypothesis 
was not fully supported, as metal concentrations in feather samples were often lower, or 
no different than invertebrates. Hofer et al. (2010) showed that nestling house wrens at 
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Liberty State Park have significantly higher concentrations of heavy metals in their 
feathers compared to an unpolluted reference site.  The results of the present study show 
elevated levels of Pb in the invertebrate prey of nestling house wrens at Liberty State 
Park compared to the same reference site, but Cd and Cr were not significantly different 
at the two sites. Nest watches confirmed that the nestlings were fed invertebrate prey, 
which had been gathered on site, providing strong evidence that contaminated food is the 
source of elevated metal concentrations in wren nestlings at LSP (as shown by Hofer et 
al. 2010). In interpreting the results of this study, it is important to note that it is unknown 
how much, if any heavy metals ingested by birds were from soil or other particles on the 
outside of prey. Due to the fact that wrens were observed foraging exclusively in the 
shrub and mid-canopy layer, the direct ingestion of soil by the nestlings is likely to be 
minimal.  
 Metal concentrations have been shown to increase with increasing trophic level 
(Burger 2002); but this pattern was not consistent in this study. The present results 
indicate a high degree of variation in metal accumulation across elements and trophic 
levels at LSP. Although mean concentrations between taxa were not always significant, 
there was a slight trend of biomagnification in invertebrates. Spiders, the top predators 
among sampled invertebrates, had the highest overall concentrations of metals in the 
analysis, followed by mixed herbivore/predator grasshoppers and katydids and 
herbivorous caterpillars. Spiders are known to have high assimilations rates for metals 
and have been shown to accumulate more metals than other invertebrate taxa (Heikens et 
al. 2001). Feather concentrations were among the lowest out of all the sampled taxa for 
each element, despite the observed high proportion of spiders fed to the birds during nest 
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watches. Fecal samples, on the other hand, had relatively high levels of Cd and Cu, 
suggesting a mechanism for elimination as opposed to assimilation of these elements in 
house wren nestlings at LSP.  
 The present results for feather metal concentrations do not entirely agree with 
those of previous studies. Both Cr and Cu were absent form feathers in this study, 
whereas Hofer et al. (2010) reported Cu concentrations in feathers of approximately 6 
µg/g and Cr concentrations of  approximately 1 µg/g. Chromium  concentrations are not 
widely reported in terrestrial studies, but the relatively low levels reported by Hofer et al. 
are not far off from the present result. Significant concentrations of  Cu have been widely 
reported in feathers of birds in both polluted and unpolluted habitats (Dauwe et al. 2000, 
Hofer et al. 2010, Markowski et al. 2013), suggesting the results of Hofer et al. present a 
better representation of blood levels of this element in birds at Liberty State Park. Fecal 
concentrations of Cu in this study were close to those reported by Eeva et al. (2009) and 
Dauwe et al. (2000).  
 Cadmium is a toxic heavy metal that has been shown to biomagnify in avian food 
chains, but the degree of bioaccumulation depends on the species and diet composition 
(Burger 2008).  Cadmium concentrations have not been previously tested in feathers at 
Liberty State Park. Feather concentrations of Cd in the present study are much higher 
than those reported in similar studies (Dauwe et al. 2000, Tsipoura et al. 2008, Eeva et al. 
2009). Fecal concentrations of Cd fell between those of studies in a moderately polluted 
site (Eeva et al. 2009) and a heavily polluted site (Dauwe et al. 2000). These results 
suggest that Cd may be highly mobile at Liberty State park and potentially an element of 
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concern and reinforces the need to address interspecific variation in metal uptake in 
further studies.  
 Lead concentrations in feathers closely match those previously reported by Hofer 
et al. (2010). Although Pb levels in feathers at Liberty State are significantly higher than 
those at HMF (Hofer et al. 2010), the mobility of Pb from soil and within the food web 
was found to be relatively low in this study. Concentrations of Pb were well below soil 
levels for all sampled taxa. A study of terrestrial nestling passerines at a heavily polluted 
site in Germany (Dauwe et al. 2000) reported concentrations in fecal samples that are 
approximately 200 times higher than those at the moderately polluted site used in this 
study (Dauwe et al. 2000). Conversely, Eeva et al. (2009) reported Pb levels in excrement 
of two species of nestling passerines in a moderately polluted site that are between two 
and three times higher than levels reported here. Based on feather analyses, a certain 
degree of variation in metal accumulation can be accounted for by interspecific 
differences (Dauwe et al. 2005, Tsipoura et al. 2008, Hofer et al. 2010), although 
excrement concentrations have been shown to be fairly stable across species in at least 
two studies (Dauwe et al. 2000, Eeva et al. 2009). It may be more likely that this 
difference in fecal concentrations of Pb across studies is due to diet composition. Belskii 
and Belskaya (2013) showed that diet composition can lead to different levels of 
contaminant exposure among insectivorous passerines. Different invertebrate taxa have 
different rates of bioaccumulation in different tissues (Heikens et al. 2001). In addition, 
the undigested body parts that are excreted by birds depends on the taxa and whether or 
not the prey is soft or hard-bodied (Burger et al. 1999). Therefore, if a bird is feeding 
primarily on an invertebrate that sequesters metals in its hard exoskeleton, such as 
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grasshoppers (Lindqvist and Block 1994), it may excrete more metals than a bird that 
feeds more heavily on a soft-bodied invertebrates such as caterpillars (Belskii and 
Belskaya 2013).  
 In this study, nest watches were used as a non-invasive method to estimate diet 
composition. Although it was difficult to accurately identify all taxa fed to the nestlings, 
results of the nest watches suggest spiders make up a comparatively large portion of the 
nestlings diet. Spiders accounted for 10.7% of the total observations and 32.3% of  
identified invertebrates, the highest percentage of any taxa in both cases. Since spiders 
were found to accumulate high concentrations of metals in this study and others (Heikens 
et al. 2001), birds that selectively feed on spiders will be at higher risk than those that 
feed on other types of invertebrates. Hofer et al. (2010) found that house wrens nestlings 
at LSP had higher concentrations of heavy metals in their feathers compared to nestlings 
of American robins, who are likely fed invertebrates foraged directly from the 
contaminated soil. This could be because of the relatively high percentage of spiders 
eaten by the wrens. Despite the high percentage of spiders eaten by the wrens and 
elevated levels of metals in their feathers, it is important to again note that in Hofer et al. 
(2010) metal accumulation did not negatively affect the nestlings’ development.  
 It was hypothesized that bird-dispersed fruits present a mode of metal transfer to 
birds at LSP. This hypothesis was supported in that fruits at LSP did contain metal levels 
that are higher than those at a reference site. Overall, metal levels in fruits at LSP were 
relatively low. This was expected because most plants do not translocate metals to their 
aboveground tissue (Peralta-Videa et al. 2009). However, some plants do 
hyperaccumulate certain metals in aboveground tissues at Liberty State Park (Gallagher 
!!78!
et al. 2008b, Gallagher et al. 2008a, Rascio and Navari-Izzo 2011). The levels of metals 
in white mulberry fruit at LSP, although low, were significantly higher than those of a 
reference site for Cd and Pb, showing that some metals can accumulate in fruits in 
contaminated areas. As with invertebrates, Cr concentrations in fruit at the reference site 
were surprisingly high. A recent, but not yet published, study has shown that there may 
be elevated levels of Cr at Hutcheson Memorial Forest, but levels of other contaminants 
are within the expected range (Perzley, unpublished data).  
 For non-essential elements, porcelain berry was the only fruit species with metal 
levels that exceeded the soil, and this was only for Cd. The range of concentrations 
between Cd and Pb were similar across fruit types despite the fact that Pb soil 
concentrations are between 42.6 and 1040µg/g and Cd concentrations are between 0 and 
1.9µg/g.  Cadmium is known to have a faster rate of translocation between soil and plants 
(Das et al. 1997), and is more mobile in acidic soils. Soil at the Liberty State brownfield 
are in the acidic range with an average pH of 5.7. A study in fruit orchards in China that 
have Cd soil levels similar to those of LSP found levels of Cd in Carambola fruit that 
greatly exceeded soil levels (Li et al. 2006). Little is known about metal levels in wild 
bird-dispersed fruits. Madejon et al. (2006) also found Cd concentrations of bird-
dispersed wild olive fruits in a polluted site to be higher than those of an unpolluted site. 
Additionally, Madejon et al. (2006) found that levels of metals in wild olive were higher 
than those of oak fruit, stressing the importance interspecific variation among fruits when 
considering the potential for metal transfer in the food web. The comparatively high 
levels of Cd found here in porcelain berry fruit also illustrate the importance of 
examining metal concentrations across a wide range of species. Contaminated porcelain 
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berry could be a particular risk to birds because it is readily consumed by sensitive 
migrant species (see Chapter 2 of this document).  
 Copper concentrations in fruit at Liberty State Park were above soils 
concentrations for all species, but did not differ between LSP and the reference site. 
Madejon et al. (2006) also found no difference in Cu concentrations of wild olive fruits at 
a polluted and unpolluted site. This could be due to the fact that Cu is an essential 
element for plants (Alloway 2013a) and uptake and allocation may be more highly 
regulated for this metal.  
 Generally, metal concentrations for fruit a Liberty State Park are low, but it is 
unknown whether the total load from all metals in fruit is enough to cause adverse effects 
due the high degree of inter-site and interspecific variation in adverse affects on birds. 
Contaminant levels in fruits were far lower than levels found in invertebrates in this 
study. Based on the results of this study and Hofer et al. (2010) these levels do not appear 
to be high enough to cause adverse affects on nestlings birds. An important point to 
mention is that atmospheric deposition can account for some consumed metal from fruits 
(Madejon et al. 2006). In this study, fruits were washed before analysis, but future studies 
may benefit from comparing washed and unwashed samples (Madejon et al. 2006).  
 The overall findings of this chapter indicate that, although organisms at Liberty 
State Park are accumulating metals from the soil, the rate of trophic transfer is low and 
therefore risks to wildlife are likely to be low. Although metal levels in fruits were low, 
elevated levels of Cd and Pb found in this study warrant further investigation of metal 
translocation to bird-dispersed fruits. This is particularly true for migratory birds that 
depend on wild fruits to sustain them during migration, during which time they are 
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already physiologically stressed by long periods of flight. The Liberty State Park 
brownfield is a hotspot for bird diversity. More than 130 of the 275 bird species  
observed to date at Liberty State Park have been recorded in the brownfield area (eBird 
2015, Holzapfel unpublished data), and at times large quantities of birds forage there 
(Litwhiler unpublished data). The findings presented here generally show that this site is 
not an attractive nuisance for birds and this and similar sites can be an important refuge 
birds in an ever urbanizing landscape.  
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CHAPTER 5 
SYNTHESIS AND CONCLUSIONS 
The earth is rapidly being reshaped by human forces, shifting patterns of biodiversity 
(Aronson et al. 2014) and creating unique urban biological assemblages (Gallagher et al. 
2011, Kowarik 2011). Birds are sensitive to changing landscapes and provide an 
excellent, easily observable model to study the effects of urbanization on biodiversity. 
The investigations in this dissertation are intended to aid in biodiversity conservation 
efforts in urban areas by 1) evaluating the utility of spontaneously vegetated urban 
wildlands as refuges for native birds and 2) identifying fine-scale patterns of bird and 
bird-dispersed plant species abundances in the urban landscape.  
 Recently, it has been shown that several birds species considered to be common 
are in fact experiencing steep population declines (North American Bird Conservation 
Initiative 2014). Regional patterns of species declines provide valuable insight into where 
to focus conservation efforts and which species to target. Applying these insights to local 
conservation practices requires an understanding of fine scale species distributions and 
resources.  
 Chapter 2 of this dissertation furthers the current understanding of fine scale 
variation in bird communities by comparing dissimilarities among seasonal communities 
in urban and suburban bird habitats. It was found that bird communities within the urban 
core may be more dissimilar from one another compared to suburban bird communities. 
In addition, it seems that, despite increased abundances of non-native bird species in 
urban habitats, native species densities can be similar between these two levels of 
urbanization. Interestingly, a similar result was found in the investigation of bird-
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dispersed fruiting plants in urban and suburban habitats. The coupled results of these two 
investigations suggest that, despite the regional trend of increasing homogenization in 
urban areas (McKinney 2006), urban habitats may not be biologically homogenized on a 
local scale and may support as many native species as less disturbed areas. The results of 
the fruiting plant surveys agree with Aronson et al. (2015), who showed that beta 
diversity of urban woody plant communities increases with increasing urbanization. The 
results of the eBird analysis in Chapter 2 of this document, show that these results may 
also apply to birds communities. Although the eBird analysis presented here requires 
further investigation to confirm its findings, the results present an opportunity for further 
studies on local variation in urban bird communities. Future studies should measure 
diversity across urban habitats and address differences in specific species abundances to 
determine which habitats are most diverse and which species are most abundant. This 
additional insight will build a better understanding of how to maximize biodiversity and 
conserve species populations in urban habitats.  
 As urban areas expand, there is a growing need find new and effective ways to 
enhance bird diversity in city landscapes. A major focus of this dissertation is evaluating 
the utility of spontaneously vegetated urban wildlands as refuges for native birds. Studies 
have shown that urban wildlands can promote biodiversity in cities (Bonthoux et al. 
2014), but little is known about whether such unique sites provide a safe haven or an 
attractive nuisance for urban birds. To fill this gap, Chapter 3 investigates the use of 
native and non-native bird-dispersed fruiting plants. Findings from this chapter show  
both native and non-native fruits provide a readily available food source, which is taken 
advantage of by birds. It was also shown that many of the fruits in urban wildlands are 
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considered “low-quality”. Although many fruits may be lower in quality than fruits found 
in more natural habitats, birds may still benefit from this resource by compensating with 
their diet with other protein rich resources (Witmer 2001). In order to determine if birds 
are presented with adequate food resources in urban wildlands, future studies should 
include a comprehensive assessment of fruit and invertebrate availability, as well as the 
contents of avian diets in spontaneously vegetated habitats.  
 Fruiting plants are particularly important for birds during fall migration (Smith et 
al. 2013). Non-native fruits such as autumn olive and porcelain berry were found to be 
widely available in urban wildlands and were attractive to birds at Liberty State Park 
during fall migration. Previous studies have shown that urban habitats can be important 
stop-over sites for migratory birds (Craves 2009, Seewagen et al. 2010). The results of 
the NMDS analysis of eBird data in Chapter 2 support past studies by showing that 
migratory bird communities are highly similar in species composition in urban and 
suburban habitats. Therefore, adequate resources, such as plentiful fruits that help refuel 
migrants along their journey, are necessary to support birds in urban habitats. The results 
of Chapter 3 show that such fruit resources exist in urban wildlands.  
 Chapter 3 also compared bird communities associated with fruiting plants in an 
urban wildland to that of an urban park. This comparison is important to demonstrate the 
potential benefits of urban spontaneous vegetation to birds. Bird communities at fruiting 
plants in the urban park had high densities of European starlings and house sparrows, 
both of which are invasive species, compared to an urban wildland. Native bird species 
were dominant over non-native species in the urban wildland, while the opposite was true 
for the urban park. This further supports the idea of urban wildlands as refuges for native 
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birds. Such sites may provide not only ample resources, but also a defense against 
competitive invasive birds seen in high abundance in urban parks. This data-based 
evidence of benefits to birds can be used to help integrate urban wildlands into 
mainstream conservation efforts. In addition, communicating this evidence to the non-
scientific public may help transform any negative public perception of spontaneous 
vegetation from that of a wasteland to that of a thriving habitat.   
 Finally, Chapter 4 addressed the idea of urban wildlands as an attractive nuisance 
to birds. It was found that heavy metals bioaccumulate in the food chain of nestling house 
wrens in a polluted urban brownfield, but concentrations were not consistently 
biomagnified in the birds. A previous study by Hofer et al. (2010) showed that nestling 
house wrens at the brownfield are not negatively affected by bioaccumulation of metals 
at the site. The present study builds on this past study by showing that the 
bioaccumulation of metals found in the nestlings is likely due to a contaminated food 
source, yet metals are not biomagnified in the wrens when compared to levels in their 
prey. The extent of bioaccumulation, as well as the affects of metal exposure, in birds can 
vary among species (Roux and Marra 2007). Future studies on metal transfer in urban 
wildlands should address this issue by testing metal levels in different bird species. 
Another important future direction is to investigate age related differences in metal 
accumulation and the post-fledging fate of nestlings raised in contaminated sites. 
Currently, the combined results of Hofer et al. (2010) and the present study indicate that 
the brownfield, and similarly contaminated sites are more likely to be beneficial habitats 
than an attractive nuisance to birds.  
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 Beyond the benefits to birds, urban wildlands can support humans in cities as 
well. City dwellers often lack exposure to nature, and therefore lack the associated health 
benefits of such exposure (Tzoulas et al. 2007). Incorporating spontaneous vegetation 
into more traditional urban green space design is a low cost, sustainable method for 
increasing nature in park landscaping (Carlo and Morales 2008, Tredici 2010). Places 
such as Bussey Brook Meadow at Harvard’s Arnold Arboretum in Boston, MA use 
spontaneous vegetation as both accessible nature for visitors and a site for urban 
ecological research (Arnold Arboretum 2015) Plans have been developed that will 
hopefully one day result in the restoration of the Liberty State Park brownfield for similar 
purposes (Gallagher 2009). At Rutgers University in Newark, NJ, two spontaneously 
vegetated planters on the campus plaza act as an educational tool for undergraduate and 
graduate ecology courses as well as a hotspot for urban birds (Rondon-Rivera 
unpublished data).  
 In conclusion, the three scientific investigations in this dissertation have shown 
that 1) urban habitats may support a wider range of native bird species than might be 
assumed to exist in the urban core and 2) spontaneous urban wildlands can be a valuable 
tool for urban bird conservation. Spontaneous urban wildlands can play a key role, not 
only in the future of urban biodiversity conservation, but in promoting environmental 
awareness and education in cities. Therefore, the findings presented in this dissertation 
not only advance current understanding of urban bird ecology, but can be applied to the 
design of biologically diverse, sustainable park habitats that safely attract both birds and 
humans. 
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APPENDIX A 
POINT COUNT DATA 
Table A.1 List of Bird Species Observed Visiting and Feeding on Fruiting Plants During 
15 minute Point Counts at LSP and BBP 
 
Species' Common'Name' Feeds'on'Fruiting'Plants'per'15min'count' Std.'Error'
Turdus&
migratorius& American'robin' Mean' !
0.3
4! 0.05!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.2
4! !
' ' '
Upper!
Bound!
0.4
4! !
Icterus&galbula& Baltimore'oriole' Mean' !
0.0
1! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
2! !
Toxostoma&
rufum& brown'thrasher' Mean' !
0.0
0! 0.00!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
1! !
Bombycilla&
cedrorum& cedar'waxwing' Mean' !
0.0
2! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
3! !
Quiscalus&
quiscula&
common'
grackle' Mean' !
0.0
1! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
4
0.0
1! !
' ' '
Upper!
Bound!
0.0
2! !
Tyrannus&
tyrannus&
eastern'
kingbird' Mean' !
0.0
0! 0.00!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
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' ' '
Upper!
Bound!
0.0
1! !
Sturnus&vulgaris& European'staling' Mean' !
0.0
1! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
4
0.0
1! !
' ' '
Upper!
Bound!
0.0
2! !
Dumetella&
carolinensis& gray'catbird' Mean' !
0.1
9! 0.03!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.1
3! !
' ' '
Upper!
Bound!
0.2
6! !
Catharus&
guttatus& hermit'thrush' Mean' !
0.0
1! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
2! !
Cardinalis&
cardinalis&
northern'
cardinal' Mean' !
0.0
1! 0.00!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
2! !
Mimus&
polyglottos&
northern'
mockingbird' Mean' !
0.0
1! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
2! !
Agelaius&
phoeniceus&
redHwinged'
blackbird' Mean' !
0.0
2! 0.01!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' '
Upper!
Bound!
0.0
4! !
Melospiza&
melodia& song'sparrow' Mean' !
0.0
0! 0.00!
' '
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
0.0
0! !
' ' ' Upper! 0.0 !
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Bound! 1!
Setophaga&
petechial& yellow'warbler' Mean' !
0.0
1! 0.01!
! !
95%'Confidence'Interval'
for'Mean'
Lower!
Bound!
4
0.0
1! !
! ! !
Upper!
Bound!
0.0
2! !
 
Bird'Species' Common'Name'
Visitiations'to'Fruiting'Plants'per'15min'
count'
Std.'
Error'
Carduelis&tristis&
American'
goldfinch' Mean''
!
0.0
4! 0.02!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.0
7!
!Turdus&
migratorius& American'robin' Mean'
!
0.9
7! 0.11!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.7
5!
!
' ' '
Upper!
Bound!
1.1
9!
!
Icterus&galbula& Baltimore'oriole' Mean'
!
0.0
3! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.0
5!
!
Molothrus&ater&
brownHheaded'
cowbird' Mean'
!
0.0
2! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
4
0.0
1!
!
' ' '
Upper!
Bound!
0.0
4!
!Toxostoma&
rufum& brown'thrasher' Mean'
!
0.0
4! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.0
6!
!Bombycilla& cedar'waxwing' Mean'
!
0.0 0.02!
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cedrorum& 5!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
2!
!
' ' '
Upper!
Bound!
0.0
9!
!Quiscalus&
quiscula&
common'
grackle' Mean'
!
0.0
3! 0.02!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
4
0.0
1!
!
' ' '
Upper!
Bound!
0.0
7!
!Geothlypis&
trichas&
common'
yellowthroat' Mean'
!
0.0
1! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
0!
!
' ' '
Upper!
Bound!
0.0
3!
!Picoides&
pubescens&
downy'
woodpecker' Mean'
!
0.0
1! 0.00!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
0!
!
' ' '
Upper!
Bound!
0.0
2!
!Tyrannus&
tyrannus&
eastern'
kingbird' Mean'
!
0.0
1! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
4
0.0
1!
!
' ' '
Upper!
Bound!
0.0
2!
!Pipilo&
erythrophthalm
us& eastern'towhee' Mean'
!
0.0
2! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
0!
!
' ' '
Upper!
Bound!
0.0
3!
!
Sturnus&vulgaris&
European'
staling' Mean'
!
0.0
5! 0.02!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.1
0!
!
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Dumetella&
carolinensis& gray'catbird' Mean'
!
0.6
3! 0.07!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.5
0!
!
' ' '
Upper!
Bound!
0.7
6!
!Catharus&
guttatus& hermit'thrush' Mean'
!
0.0
3! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.0
5!
!Troglodytes&
aedon& house'wren' Mean'
!
0.0
1! 0.00!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
0!
!
' ' '
Upper!
Bound!
0.0
2!
!Cardinalis&
cardinalis&
northern'
cardinal' Mean'
!
0.0
3! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.0
5!
!Colaptes&
auratus& northern'flicker' Mean'
!
0.0
1! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
4
0.0
1!
!
' ' '
Upper!
Bound!
0.0
2!
!Mimus&
polyglottos&
northern'
mockingbird' Mean'
!
0.0
2! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
0!
!
' ' '
Upper!
Bound!
0.0
3!
!Agelaius&
phoeniceus&
redHwinged'
blackbird' Mean'
!
0.1
0! 0.03!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
4!
!
' ' '
Upper!
Bound!
0.1
6!
!Melospiza& song'sparrow' Mean'
!
0.0 0.01!
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melodia& 3!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
1!
!
' ' '
Upper!
Bound!
0.0
6!
!
' '
5%'Trimmed'Mean'
!
0.0
0!
!Catharus&
ustulatus&
Swainson’s'
thrush' Mean'
!
0.0
1! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
4
0.0
1!
!
' ' '
Upper!
Bound!
0.0
2!
!Setophaga&
petechia& yellow'warbler' Mean'
!
0.0
3! 0.01!
' '
95%'Confidence'
Interval'for'Mean'
Lower!
Bound!
0.0
0!
!!
!
!
! !
Upper!
Bound!
0.0
5!
! 
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APPENDIX B 
POINT COUNT DATA (GENERAL) 
Table B.1 Percent of Total Birds Recorded During General Point Counts is Reported for 
Each Species at LSP and  BBP 
 
LSP Bird'Species' Common'Name' % of total  
 
Carduelis&tristis& American'goldfinch' 0.8 
 
Setophaga&ruticilla& American'redstart' 0.2 
 
Turdus&migratorius& American'robin' 21.8 
 
Icterus&galbula& Baltimore'oriole' 0.8 
 
Molothrus&ater& brownHheaded'cowbird' 0.4 
 
Cyanocitta&cristata& blue'jay' 0.4 
 
Toxostoma&rufum& brown'thrasher' 0.9 
 
Bombycilla&cedrorum& cedar'waxwing' 3.9 
 
Quiscalus&quiscula& common'grackle' 0.2 
 
accipiter&cooperii& Cooper’s'hawk' 0.8 
 
Geothlypis&trichas& common'yellowthroat' 2.4 
 
Junco&hyemalis& darkHeyed'junco' 0.2 
 
Picoides&pubescens& downy'woodpecker' 0.2 
 
Tyrannus&tyrannus& eastern'kingbird' 0.2 
 
Sayornis&phoebe& eastern'phoebe' 0.4 
 
Pipilo&erythrophthalmus& eastern'towhee' 3.9 
 
Sturnus&vulgaris& European'staling' 0.2 
 
Dumetella&carolinensis& gray'catbird' 15.1 
 
Haemorhous&mexicanus& house'finch' 0.6 
 
Troglodytes&aedon& house'wren' 4.5 
 
Zenaida&macroura& mourning'dove' 0.4 
 
Cardinalis&cardinalis& northern'cardinal' 2.1 
 
Colaptes&auratus& northern'flicker' 1.7 
 
Mimus&polyglottos& northern'mockingbird' 1.7 
 
Seiurus&aurocapilla&& Ovenbird' 0.2 
 
Agelaius&phoeniceus& redHwinged'blackbird' 4.3 
 
Melospiza&melodia& song'sparrow' 1.9 
 
Tachycineta&bicolor& tree'swallow' 7.8 
 
&Vireo&gilvus& warbling'vireo' 1.3 
 
Empidonax&traillii& willow'flycatcher' 1.9 
 
Zonotrichia&albicollis& whiteHthroated'sparrow' 9.7 
 
Setophaga&petechial& yellow'warbler' 2.8 
 
Setophaga&coronate& yellowHrumped'warbler' 2.8 
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BBP Bird'Species' Common'Name' % of total  
 
Empidonax&alnorum& alder'flycatcher' 0.15 
 
Anas&rubripes& American'black'duck' 0.3 
 
Carduelis&tristis& American'goldfinch' 1.04 
 
Setophaga&ruticilla& American'redstart' 1.04 
 
Turdus&migratorius& American'robin' 12.5 
 
Icterus&galbula& Baltimore'oriole' 0.8 
!
Setophaga&castanea& bayHbreasted'warbler' 0.44 
 
Mniotilta&varia& black'and'white'warbler' 0.89 
 
Nycticorax&nycticorax& blackHcrowned'night'heron' 0.15 
 
Setophaga&caerulescens& blackHthroated'blue'warbler' 1.18 
 
Setophaga&virens& blackHthroated'green'warbler' 0.3 
 
Setophaga&striata& blackpoll'warbler' 1.48 
 
Cyanocitta&cristata& blue'jay' 1.63 
 
Molothrus&ater& brownHheaded'cowbird' 0.59 
 
Cardellina&canadensis& Canada'warbler' 0.15 
 
Branta&canadensis& Canada'goose' 0.59 
 
Bombycilla&cedrorum& cedar'waxwing' 3.7 
 
Chaetura&pelagica& chimney'swift' 0.3 
 
Spizella&passerina& chipping'sparrow' 0.15 
 
Quiscalus&quiscula& common'grackle' 0.89 
 
Geothlypis&trichas& common'yellowthroat' 1.92 
 
Junco&hyemalis& darkHeyed'junco' 0.59 
 
Picoides&pubescens& downy'woodpecker' 0.15 
 
Pipilo&erythrophthalmus& eastern'towhee' 0.15 
 
Sturnus&vulgaris& European'staling' 8.43 
 
Regulus&satrapa& goldenHcrowned'kinglet' 0.15 
 
Dumetella&carolinensis& gray'catbird' 2.81 
 
Haemorhous&mexicanus& house'finch' 0.15 
 
Passer&domesticus& house'sparrow' 2.22 
 
Troglodytes&aedon& house'wren' 0.15 
 
Setophaga&magnolia& magnolia'warbler' 0.3 
 
Anas&platyrhynchos& Mallard' 0.44 
 
Zenaida&macroura& mourning'dove' 0.15 
!
Cardinalis&cardinalis& northern'cardinal' 0.89 
!
Colaptes&auratus& northern'flicker' 0.59 
!
Mimus&polyglottos& northern'mockingbird' 1.7 
!
Parkesia&noveboracensis& northern'waterthrush' 0.59 
!
Seiurus&aurocapilla&& Ovenbird' 0.15 
!
Haemorhous&purpureus& purple'finch' 0.15 
!
Melanerpes&carolinus& redHbellied'woodpecker' 0.59 
!
Agelaius&phoeniceus& redHwinged'blackbird' 5.03 
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!
Melospiza&melodia& song'sparrow' 2.66 
!
Melospiza&Georgiana& swamp'sparrow' 1.63 
!
Zonotrichia&albicollis& whiteHthroated'sparrow' 0.59 
!
Cardellina&pusilla& Wilson’s'warbler' 0.15 
!
Hylocichla&mustelina& wood'thrush' 0.15 
!
Setophaga&petechial& yellow'warbler' 0.15 
! !
Unidentified' 0.35 
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APPENDIX C 
   HEAVY METAL DATA 
Table C.1  Mean Metal Concentration in Plant and Animal Samples From Liberty State 
Park (LSP) and Hutcheson Memorial Forest (HMF) 
 
LSP!
Cd! !! !! !! !! !!
!! Species! !! !!
!
Std.!
Error!
µg/g!
Autumn!Olive!
(n=5)! Mean!
!
0.48! 0.32!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.40!
!
! ! !
Upper!
Bound! 1.35!
!
!
Black!Cherry!
(n=9)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Mulberry!(n=5)! Mean!
!
0.43! 0.04!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.30!
!
! ! !
Upper!
Bound! 0.55!
!
!
Porcelain!Berry!
(n=5)! Mean!
!
0.86! 0.12!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.53!
!
! ! !
Upper!
Bound! 1.19!
!
!
Wild!Grape!(n=5)! Mean!
!
0.35! 0.15!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.08!
!
! ! !
Upper!
Bound! 0.78!
!
!
Araneae!(n=9)! Mean!
!
10.09! 3.75!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 1.44!
!
! ! !
Upper!
Bound! 18.74!
!
!!96!
!
Feathers!(n=10)! Mean!
!
1.99! 0.87!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.09!
!
! ! !
Upper!
Bound! 3.90!
!
!
Feces!!(n=10)! Mean!
!
5.35! 1.41!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 2.15!
!
! ! !
Upper!
Bound! 8.55!
!
!
Lepidoptera!
(n=5)! Mean!
!
1.30! 0.36!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.29!
!
! ! !
Upper!
Bound! 2.31!
!
!
Orthoptera!(n=9)! Mean!
!
1.12! 0.74!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.59!
!
! ! !
Upper!
Bound! 2.83!
!
!
Soil!(n=35)! Mean!
!
0.29! 0.08!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.13!
!
! ! !
Upper!
Bound! 0.44!
!LSP!
Cr! !! !! !! !! !!
!! species! !! !!
!
Std.!
Error!
µg/g!
Autumn!Olive!
(n=5)! Mean!
!
0.82! 0.32!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.07!
!
! ! !
Upper!
Bound! 1.71!
!
!
Black!Cherry!
(n=9)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Mulberry!(n=5)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for! Lower! 0.00!
!
!!97!
Mean! Bound!
! ! !
Upper!
Bound! 0.00!
!
!
Porcelain!Berry!
(n=5)! Mean!
!
0.55! 0.09!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.31!
!
! ! !
Upper!
Bound! 0.80!
!
!
Wild!Grape!(n=5)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Araneae!(n=9)! Mean!
!
4.38! 1.98!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.19!
!
! ! !
Upper!
Bound! 8.95!
!
!
Feathers!(n=10)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Feces!!(n=10)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Lepidoptera!
(n=5)! Mean!
!
0.45! 0.45!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.81!
!
! ! !
Upper!
Bound! 1.71!
!
!
Orthoptera!(n=9)! Mean!
!
1.00! 0.38!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.13!
!
! ! !
Upper!
Bound! 1.87!
!
!
Soil!(n=35)! Mean!
!
0.16! 0.06!
! !
95%!Confidence!Interval!for!
Mean!
Lower!!
Bound! 0.03!
!
! ! !
Upper! 0.29!
!
!!98!
Bound!
LSP!
Cu! !! !! !! !! !!
!! species! !! !!
Statist
ic!
Std.!
Error!
µg/g!
Autumn!Olive!
(n=5)! Mean!
!
6.26! 0.68!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 4.38!
!
! ! !
Upper!
Bound! 8.13!
!
!
Black!Cherry!
(n=9)! Mean!
!
5.50! 0.46!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 4.45!
!
! ! !
Upper!
Bound! 6.56!
!
!
Mulberry!(n=5)! Mean!
!
5.30! 0.41!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 4.17!
!
! ! !
Upper!
Bound! 6.43!
!
!
Porcelain!Berry!
(n=5)! Mean!
!
6.22! 0.44!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 4.99!
!
! ! !
Upper!
Bound! 7.45!
!
!
Wild!Grape!(n=5)! Mean!
!
5.94! 0.57!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 4.36!
!
! ! !
Upper!
Bound! 7.51!
!
!
Araneae!(n=9)! Mean!
!
188.6
0! 62.44!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 44.60!
!
! ! !
Upper!
Bound!
332.6
0!
!
!
Feathers!(n=10)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!!99!
!
Feces!!(n=10)! Mean!
!
73.65! 15.15!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 39.39!
!
! ! !
Upper!
Bound!
107.9
1!
!
!
Lepidoptera!
(n=5)! Mean!
!
7.00! 4.57!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 45.69!
!
! ! !
Upper!
Bound! 19.69!
!
!
Orthoptera!(n=9)! Mean!
!
56.67! 15.82!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 20.18!
!
! ! !
Upper!
Bound! 93.15!
!
!
Soil!(n=35)! Mean!
!
2.08! 0.28!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 1.51!
!
! ! !
Upper!
Bound! 2.64!
! 
 
LSP!
Pb! !! !! !! !! !!
!! Species! !! !!
!
Std.!
Error!
µg/g!
Autumn!Olive!
(n=5)! Mean!
!
0.82! 0.32!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.07!
!
! ! !
Upper!
Bound! 1.71!
!
!
Black!Cherry!
(n=9)! Mean!
!
0.72! 0.23!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.19!
!
! ! !
Upper!
Bound! 1.26!
!
!
Mulberry!(n=5)! Mean!
!
0.45! 0.10!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.18!
!
!!100!
! ! !
Upper!
Bound! 0.73!
!
!
Porcelain!Berry!
(n=5)! Mean!
!
0.55! 0.09!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.31!
!
! ! !
Upper!
Bound! 0.80!
!
!
Wild!Grape!(n=5)! Mean!
!
0.17! 0.01!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.13!
!
! ! !
Upper!
Bound! 0.21!
!
!
Araneae!(n=9)! Mean!
!
6.73! 3.48!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 41.29!
!
! ! !
Upper!
Bound! 14.75!
!
!
Feathers!(n=10)! Mean!
!
4.83! 1.49!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 1.60!
!
! ! !
Upper!
Bound! 8.07!
!
!
Feces!!(n=10)! Mean!
!
0.67! 0.19!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.24!
!
! ! !
Upper!
Bound! 1.11!
!
!
Lepidoptera!
(n=5)! Mean!
!
2.13! 0.86!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 40.27!
!
! ! !
Upper!
Bound! 4.52!
!
!
Orthoptera!(n=9)! Mean!
!
2.53! 0.62!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 1.10!
!
! ! !
Upper!
Bound! 3.96!
!
!
Soil!(n=35)! Mean!
!
208.4
8! 40.50!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound!
126.0
9!
!
! ! !
Upper! 290.8
!
!!101!
Bound! 7!
 
HMF!
Cd! !! !! !! !! !!
!! Species! !! !!
!
Std.!
Error!
µg/g! Mulberry!(n=4)! Mean!
!
0.09! 0.06!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound!
4
0.09!
!
! ! !
Upper!
Bound! 0.28!
!
!
Araneae!(n=2)! Mean!
!
5.06! 0.27!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 1.60!
!
! ! !
Upper!
Bound! 8.52!
!
!
Lepidoptera!
(n=2)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Orthoptera!
(n=2)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
! 
HMF!
Cr! !! !! !! !! !!
!! Species! !! !!
!
Std.!
Error!
µg/g! Mulberry!(n=4)! Mean!
!
0.09! 0.00!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.09!
!
! ! !
Upper!
Bound! 0.10!
!
!
Araneae!(n=2)! Mean!
!
0.54! 0.54!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound!
4
6.31!
!
! ! !
Upper! 7.39!
!
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Bound!
!
Lepidoptera!
(n=2)! Mean!
!
1.76! 0.10!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.50!
!
! ! !
Upper!
Bound! 3.02!
!
!
Orthoptera!
(n=2)! Mean!
!
0.98! 0.05!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.34!
!
! ! !
Upper!
Bound! 1.63!
!HMF!
Cu! !! !! !! !! !!
!! Species! !! !!
!
Std.!
Error!
µg/g! Mulberry!(n=4)! Mean!
!
8.06! 0.95!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 5.04!
!
! ! !
Upper!
Bound!
11.0
8!
!
!
Araneae!(n=2)! Mean!
!
0.54! 0.54!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound!
4
6.31!
!
! ! !
Upper!
Bound! 7.39!
!
!
Lepidoptera!
(n=2)! Mean!
!
1.76! 0.10!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.50!
!
! ! !
Upper!
Bound! 3.02!
!
!
Orthoptera!
(n=2)! Mean!
!
0.98! 0.05!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.34!
!
! ! !
Upper!
Bound! 1.63!
!HMF!
Pb! !! !! !! !! !!
!! Species! !! !!
!
Std.!
Error!
µg/g! Mulberry!(n=4)! Mean!
!
0.03! 0.03!
!!103!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound!
4
0.07!
!
! ! !
Upper!
Bound! 0.13!
!
!
Araneae!(n=2)! Mean!
!
6.73! 3.48!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound!
4
1.29!
!
! ! !
Upper!
Bound!
14.7
5!
!
!
Lepidoptera!
(n=2)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
!
!
Orthoptera!
(n=2)! Mean!
!
0.00!
!
! !
95%!Confidence!Interval!for!
Mean!
Lower!
Bound! 0.00!
!
! ! !
Upper!
Bound! 0.00!
! 
 
 
 
   
 
 
 
 
 
    
 
!!104!
REFERENCES 
 
Abbasi, N. A., V. L. B. Jaspers, M. J. I. Chaudhry, S. Ali, and R. N. Malik. 2015. 
Influence of taxa, trophic level, and location on bioaccumulation of toxic metals 
in bird feathers: A preliminary biomonitoring study using multiple bird species 
from Pakistan. Chemosphere 120:527-537. 
Abdullah, M., M. Fasola, A. Muhammad, S. A. Malik, N. Bostan, H. Bokhari, M. A. 
Kamran, M. N. Shafqat, A. Alamdar, M. Khan, N. Ali, and S. A. M. A. S. Eqani. 
2015. Avian feathers as a non-destructive bio-monitoring tool of trace metals 
signatures: A case study from severely contaminated areas. Chemosphere 
119:553-561. 
Adriaensen, F. and A. A. Dhondt. 1990. Population dynamics and partial migration of the 
European robin (Erithacus rubecula) in different habitats. The Journal of Animal 
Ecology:1077-1090. 
Alloway, B. 2013a. Heavy Metals and Metalloids as Micronutrients for Plants and 
Animals. Pages 195-209 in B. J. Alloway, editor. Heavy Metals in Soils. Springer 
Netherlands. 
Alloway, B. 2013b. Sources of Heavy Metals and Metalloids in Soils. Pages 11-50 in B. 
J. Alloway, editor. Heavy Metals in Soils. Springer Netherlands. 
Anderies, J. M., M. Katti, and E. Shochat. 2007. Living in the city: Resource availability, 
predation, and bird population dynamics in urban areas. Journal of Theoretical 
Biology 247:36-49. 
Andren, H. 1994. Effects of Habitat Fragmentation on Birds and Mammals in Landscapes 
with Different Proportions of Suitable Habitat: A Review. Oikos 71:355-366. 
Angert, A. L., L. G. Crozier, L. J. Rissler, S. E. Gilman, J. J. Tewksbury, and A. J. 
Chunco. 2011. Do species traits predict recent shifts at expanding range edges? 
Ecology Letters 14:677-689. 
Arnold Arboretum. 2015. Bussey Brook Meadow. Retrieved July 20, 2015, from http://www.arboretum.harvard.edu/plants/featured5plants/bussey5brook5meadow/. 
!!105!
Aronson, M. F. J., S. Handel, I. La Puma, and S. Clemants. 2015a. Urbanization 
promotes non-native woody species and diverse plant assemblages in the New 
York metropolitan region. Urban Ecosystems 18:31-45. 
Aronson, M. F. J., S. N. Handel, and S. E. Clemants. 2007. Fruit type, life form and 
origin determine the success of woody plant invaders in an urban landscape. 
Biological Invasions 9:465-475. 
Aronson, M. F. J., S. N. Handel, I. P. La Puma, and S. E. Clemants. 2015b. Urbanization 
promotes non-native woody species and diverse plant assemblages in the New 
York metropolitan region. Urban Ecosystems 18:31-45. 
Aronson, M. F. J., F. A. La Sorte, C. H. Nilon, M. Katti, M. A. Goddard, C. A. Lepczyk, 
P. S. Warren, N. S. G. Williams, S. Cilliers, B. Clarkson, C. Dobbs, R. Dolan, M. 
Hedblom, S. Klotz, J. L. Kooijmans, I. Kuhn, I. MacGregor-Fors, M. McDonnell, 
U. Mortberg, P. Pysek, S. Siebert, J. Sushinsky, P. Werner, and M. Winter. 2014. 
A global analysis of the impacts of urbanization on bird and plant diversity 
reveals key anthropogenic drivers. Proceedings of the Royal Society B 281. 
Aslan, C. E. and M. Rejmanek. 2010. Avian use of introduced plants: ornithologist 
records illuminate interspecific associations and research needs. Ecological 
applications 20:1005-1020. 
Audubon. 2015. Christmas Bird Count Bibliography. Retrieved July2, 2015 from http://www.audubon.org/content/christmas5bird5count5bibliography. 
Belskii, E. and E. Belskaya. 2013. Diet composition as a cause of different contaminant 
exposure in two sympatric passerines in the Middle Urals, Russia. Ecotoxicology 
and environmental safety 97:67-72. 
Blair, R. B. 1996. Land use and avian species diversity along an urban gradient. 
Ecological applications 6:506-519. 
Blair, R. B. 2001. Birds and Butterflies Along Urban Gradients in Two Ecoregions of the 
United States: Is Urbanization Creating a Homogeneous Fauna? Pages 33-56 in J. 
Lockwood and M. McKinney, editors. Biotic Homogenization. Springer US. 
Blendinger, P. and M. Villegas. 2011. Crop size is more important than neighborhood 
fruit availability for fruit removal of Eugenia uniflora (Myrtaceae) by bird seed 
dispersers. Plant Ecology 212:889-899. 
!!106!
Boal, C. W. and R. W. Mannan. 1999. Comparative breeding ecology of Cooper's hawks 
in urban and exurban areas of southeastern Arizona. The Journal of wildlife 
management 63:77-84. 
Bock, C. E. and T. L. Root. 1981. Christmas Bird Count and avian ecology. Studies in 
Avian Biology 6:17-23. 
Bonier, F., P. R. Martin, and J. C. Wingfield. 2007. Urban birds have broader 
environmental tolerance. Biology letters 3:670-673. 
Bonney, R., C. B. Cooper, J. Dickinson, S. Kelling, T. Phillips, K. V. Rosenberg, and J. 
Shirk. 2009. Citizen science: a developing tool for expanding science knowledge 
and scientific literacy. BioScience 59:977-984. 
Bonthoux, S., M. Brun, F. Di Pietro, S. Greulich, and S. Bouche-Pillon. 2014. How can 
wastelands promote biodiversity in cities? A review. Landscape and Urban 
Planning 132:79-88. 
Borgmann, K. L. and A. D. Rodewald. 2004. Nest predation in an urbanizing landscape: 
the role of exotic shrubs. Ecological applications 14:1757-1765. 
Burger, J. 1993. Metals in avian feathers: bioindicators of environmental pollution. Rev 
Environ Toxicol 5:203-311. 
Burger, J. 1994. Heavy metals in avian eggshells: Another excretion method. Journal of 
Toxicology and Environmental Health 41:207-220. 
Burger, J. 2002. Food chain differences affect heavy metals in bird eggs in Barnegat Bay, 
New Jersey. Environmental Research 90:33-39. 
Burger, J. 2008. Assessment and management of risk to wildlife from cadmium. Science 
of The Total Environment 389:37-45. 
Burger, J. and M. Gochfeld. 1988. Effects of lead on growth in young herring gulls 
(Larus argentatus). Journal of Toxicology and Environmental Health 25:227-236. 
Burger, J. and M. Gochfeld. 1997. Risk, Mercury Levels, and Birds: Relating Adverse 
Laboratory Effects to Field Biomonitoring. Environmental Research 75:160-172. 
!!107!
Burger, J. and M. Gochfeld. 2004. Marine Birds as Sentinels of Environmental Pollution. 
EcoHealth 1:263-274. 
Burger, J., M. Gochfeld, L. Niles, A. Dey, C. Jeitner, T. Pittfield, and N. Tsipoura. 2014. 
Metals in tissues of migrant semipalmated sandpipers (Calidris pusilla) from 
Delaware Bay, New Jersey. Environmental Research 133:362-370. 
Burger, J. C., M. A. Patten, J. T. Rotenberry, and R. A. Redak. 1999. Foraging ecology of 
the California gnatcatcher deduced from fecal samples. Oecologia 120:304-310. 
Cabe, P. R. 1993. European Starling (Sturnus vulgaris). In The Birds of North America, 
No. 48 (A. Poole, Ed.). The Birds of North America Online, Ithaca, New York. 
Cadenasso, M. L., S. T. Pickett, and K. Schwarz. 2007. Spatial heterogeneity in urban 
ecosystems: reconceptualizing land cover and a framework for classification. 
Frontiers in Ecology and the Environment 5:80-88. 
Carlo, T. A. and J. M. Morales. 2008. Inequalities in fruit-removal and seed dispersal: 
consequences of bird behaviour, neighbourhood density and landscape 
aggregation. Journal of Ecology 96:609-618. 
Carson, R. 2002. Silent Spring. Houghton Mifflin Harcourt, Boston. 
Carvalho, P. C., L. Bugoni, R. A. McGill, and A. Bianchini. 2013. Metal and selenium 
concentrations in blood and feathers of petrels of the genus Procellaria. 
Environmental toxicology and chemistry / SETAC; Environmental Toxicology & 
Chemistry 32:1641-1648. 
Chace, J. F. and J. J. Walsh. 2006. Urban effects on native avifauna: a review. Landscape 
and Urban Planning 74:46-69. 
Chen, C. Y., R. S. Stemberger, B. Klaue, J. D. Blum, P. C. Pickhardt, and C. L. Folt. 
2000. Accumulation of heavy metals in food web components across a gradient of 
lakes. Limnology and Oceanography 45:1525-1536. 
Chibuike, G. U. and S. C. Obiora. 2014. Heavy metal polluted soils: Effect on plants and 
bioremediation methods. Applied and Environmental Soil Science 2014:12. 
!!108!
Cicero, C. 1989. Avian community structure in a large urban park: controls of local 
richness and diversity. Landscape and Urban Planning 17:221-240. 
Cimprich, D. A. and F. Moore. 1995. Catbird (Dumetella carolinensis). In The Birds of 
North America, No. 167 (A. Poole, Ed.). The Birds of North America Online, 
Ithaca, New York. 
Cipollini, M. and D. Levey. 1997. Secondary metabolites of fleshy vertebrate dispersed 
fruits: Adaptive hypotheses and implications for seed dispersal. The American 
Naturalist 150:346-372. 
Clergeau, P., J.-P. L. Savard, G. Mennechez, and G. Falardeau. 1998. Bird abundance 
and diversity along an urban-rural gradient: a comparative study between two 
cities on different continents. Condor 100:413-425. 
Clucas, B. and J. M. Marzluff. 2012. Attitudes and actions toward birds in urban areas: 
Human cultural differences influence bird behavior. The Auk 129:8-16. 
Connell, J. H. 1978. Diversity in tropical rain forests and coral reefs. science 199:1302-
1310. 
Corlett, R. T. 2011. How to be a frugivore (in a changing world). Acta Oecologica 
37:674-681. 
Cornell Lab of Ornithology. 2015. Mission: Citizen Science. Retrieved July 2, 2015 from http://www.birds.cornell.edu/page.aspx?pid=1664. 
Craves, J. A. 2009. A Fifteen-year Study of Fall Stopover Patterns of Catharus Thrushes 
at an Inland, Urban Site. The Wilson Journal of Ornithology 121:112-118. 
Cui, B., Q. Zhang, K. Zhang, X. Liu, and H. Zhang. 2011. Analyzing trophic transfer of 
heavy metals for food webs in the newly-formed wetlands of the Yellow River 
Delta, China. Environmental Pollution 159:1297-1306. 
Cui, J., B. Wu, R. S. Halbrook, and S. Zang. 2013. Age-dependent accumulation of heavy 
metals in liver, kidney and lung tissues of homing pigeons in Beijing, China. 
Ecotoxicology 22:1490-1497. 
!!109!
Czech, B., P. R. Krausman, and P. K. Devers. 2000. Economic Associations among 
Causes of Species Endangerment in the United States: Associations among causes 
of species endangerment in the United States reflect the integration of economic 
sectors, supporting the theory and evidence that economic growth proceeds at the 
competitive exclusion of nonhuman species in the aggregate. BioScience 50:593-
601. 
Das, P., S. Samantaray, and G. R. Rout. 1997. Studies on cadmium toxicity in plants: A 
review. Environmental Pollution 98:29-36. 
Dauwe, T., L. Bervoets, R. Blust, R. Pinxten, and M. Eens. 2000. Can excrement and 
feathers of nestling songbirds be used as biomonitors for heavy metal pollution? 
Archives of Environmental Contamination and Toxicology 39:541-546. 
Dauwe, T., E. Janssens, R. Pinxten, and M. Eens. 2005. The reproductive success and 
quality of blue tits (Parus caeruleus) in a heavy metal pollution gradient. 
Environmental Pollution 136:243-251. 
Dauwe, T., T. Snoeijs, L. Bervoets, R. Blust, and M. Eens. 2006. Calcium availability 
influences lead accumulation in a passerine bird. Animal Biology 56:289-298. 
Davis, M. A., M. K. Chew, R. J. Hobbs, A. E. Lugo, J. J. Ewel, G. J. Vermeij, J. H. 
Brown, M. L. Rosenzweig, M. R. Gardener, S. P. Carroll, K. Thompson, S. T. A. 
Pickett, J. C. Stromberg, P. D. Tredici, K. N. Suding, J. G. Ehrenfeld, J. Philip 
Grime, J. Mascaro, and J. C. Briggs. 2011. Don't judge species on their origins. 
Nature 474:153-154. 
Dickinson, J. L., J. Shirk, D. Bonter, R. Bonney, R. L. Crain, J. Martin, T. Phillips, and 
K. Purcell. 2012. The current state of citizen science as a tool for ecological 
research and public engagement. Frontiers in Ecology and the Environment 
10:291-297. 
Dominoni, D., B. Helm, M. Lehmann, H. B. Dowse, and J. Partecke. 2013a. Clocks for 
the city: circadian differences between forest and city songbirds. Proceedings of 
the Royal Society B: Biological Sciences 280. 
Dominoni, D., M. Quetting, and J. Partecke. 2013b. Artificial light at night advances 
avian reproductive physiology. Proceedings of the Royal Society B: Biological 
Sciences 280. 
!!110!
Donnelly, R. and J. M. Marzluff. 2004. Importance of reserve size and landscape context 
to urban bird conservation. Conservation Biology 18:733-745. 
Drummond, B. A. 2005. The selection of native and invasive plants by frugivorous birds 
in Maine. Northeastern Naturalist 12:33-44. 
eBird. 2012. eBird: An online database of bird distribution and abundance [web 
application]. eBird, Ithaca, New York. Available: http://www.ebird.org. 
(Accessed: June 12th 2015). 
Eeva, T., M. Ahola, and E. Lehikoinen. 2009. Breeding performance of blue tits 
(Cyanistes caeruleus) and great tits (Parus major) in a heavy metal polluted area. 
Environmental Pollution 157:3126-3131. 
Eeva, T. and E. Lehikoinen. 2013. Density effect on great tit (Parus major) clutch size 
intensifies in a polluted environment. Oecologia; Oecologia 173:1661-1668. 
Eeva, T., M. Rainio, Ö. Berglund, M. Kanerva, J. Stauffer, M. Stowe, and S. Ruuskanen. 
2014. Experimental manipulation of dietary lead levels in great tit nestlings: 
limited effects on growth, physiology and survival. Ecotoxicology 23:914-928. 
Feisthauer, N. C., G. L. Stephenson, I. P. Juliska, and R. P. Scroggins. 2006. Effects of 
metal-contaminated forest soils from the Canadian shield to terrestrial organisms. 
Environmental Toxicology and Chemistry 25:823-835. 
Fernandez-Juricic, E. and J. Jokimaki. 2001. A habitat island approach to conserving 
birds in urban landscapes: case studies from southern and northern Europe. 
Biodiversity & Conservation 10:2023-2043. 
Fischer, J. D., S. H. Cleeton, T. P. Lyons, and J. R. Miller. 2012. Urbanization and the 
predation paradox: The role of trophic dynamics in structuring vertebrate 
communities. BioScience 62:809-818. 
Gallagher, F. J. 2009. Liberty State Park Interior Restoration. Retrieved July 20, 2015, 
from http://gallaghergreen.com/ 
 
. 
!!111!
Gallagher, F. J., I. Pechmann, J. D. Bogden, J. Grabosky, and P. Weis. 2008a. Soil metal 
concentrations and productivity of Betula populifolia (gray birch) as measured by 
field spectrometry and incremental annual growth in an abandoned urban 
Brownfield in New Jersey. Environmental Pollution 156:699-706. 
Gallagher, F. J., I. Pechmann, J. D. Bogden, J. Grabosky, and P. Weis. 2008b. Soil metal 
concentrations and vegetative assemblage structure in an urban brownfield. 
Environmental Pollution 153:351-361. 
Gallagher, F. J., I. Pechmann, C. Holzapfel, and J. Grabosky. 2011. Altered vegetative 
assemblage trajectories within an urban brownfield. Environmental Pollution 
159:1159-1166. 
Gavareski, C. A. 1976. Relation of park size and vegetation to urban bird populations in 
Seattle, Washington. Condor 78:375-382. 
Gering, J. C. and R. B. Blair. 1999. Predation on artificial bird nests along an urban 
gradient: predatory risk or relaxation in urban environments? Ecography 22:532-
541. 
Gleditsch, J. M. and T. A. Carlo. 2011. Fruit quantity of invasive shrubs predicts the 
abundance of common native avian frugivores in central Pennsylvania. Diversity 
and Distributions 17:244-253. 
Gleditsch, J. M. and T. A. Carlo. 2014. Living with aliens: Effects of invasive shrub 
honeysuckles on avian nesting. Plos One 9. 
Goddard, M. A., A. J. Dougill, and T. G. Benton. 2010. Scaling up from gardens: 
biodiversity conservation in urban environments. Trends in Ecology & Evolution 
25:90-98. 
Gordon, D. R. 1998. Effects of invasive, non-indigenous plant species on ecosystem 
processes: Lessons from Florida. Ecological applications 8:975-989. 
Gosper, C. and G. Vivian-Smith. 2010. Fruit traits of vertebrate-dispersed alien plants: 
smaller seeds and more pulp sugar than indigenous species. Biological Invasions 
12:2153-2163. 
!!112!
Greenberg, C. H. and S. T. Walter. 2010. Fleshy Fruit Removal and Nutritional 
Composition of Winter-Fruiting Plants: A Comparison of Non-Native Invasive 
and Native Species. Natural Areas Journal 30:312-321. 
Grimm, N. B., S. H. Faeth, N. E. Golubiewski, C. L. Redman, J. Wu, X. Bai, and J. M. 
Briggs. 2008. Global change and the ecology of cities. science 319:756-760. 
Heikens, A., W. J. G. M. Peijnenburg, and A. J. Hendriks. 2001. Bioaccumulation of 
heavy metals in terrestrial invertebrates. Environmental Pollution 113:385-393. 
Hepinstall, J. A., M. Alberti, and J. M. Marzluff. 2008. Predicting land cover change and 
avian community responses in rapidly urbanizing environments. Landscape 
ecology 23:1257-1276. 
Herrera, C. M. 1984. A Study of Avian Frugivores, Bird-Dispersed Plants, and Their 
Interaction in Mediterranean Scrublands. Ecological Monographs 54:1-23. 
Hobbs, R. J., S. Arico, J. Aronson, J. S. Baron, P. Bridgewater, V. A. Cramer, P. R. 
Epstein, J. J. Ewel, C. A. Klink, and A. E. Lugo. 2006. Novel ecosystems: 
theoretical and management aspects of the new ecological world order. Global 
ecology and biogeography 15:1-7. 
Hochachka, W. and D. Fink. 2012. Broad-scale citizen science data from checklists: 
prospects and challenges for macroecology. Frontiers of Biogeography 4. 
Hofer, C., F. J. Gallagher, and C. Holzapfel. 2010. Metal accumulation and performance 
of nestlings of passerine bird species at an urban brownfield site. Environmental 
Pollution 158:1207-1213. 
Huff, M. H., K. A. Bettinger, H. L. Ferguson, M. J. Brown, and B. Altman. 2000. A 
habitat-based point-count protocol for terrestrial birds, emphasizing Washington 
and Oregon. 
Hunter, B. A. and M. S. Johnson. 1982. Food chain relationships of copper and cadmium 
in contaminated grassland ecosystems. Oikos 38:108-117. 
Jennings, A. A., A. N. Cox, S. J. Hise, and E. J. Petersen. 2002. Heavy Metal 
Contamination in the Brownfield Soils of Cleveland. Soil and Sediment 
Contamination: An International Journal 11:719-750. 
!!113!
Jetz, W., D. S. Wilcove, and A. P. Dobson. 2007. Projected impacts of climate and land-
use change on the global diversity of birds. PLoS Biol 5:e157. 
Johnson, R. A., M. F. Willson, J. N. Thompson, and R. I. Bertin. 1985. Nutritional 
Values of Wild Fruits and Consumption by Migrant Frugivorous Birds. Ecology 
66:819-827. 
Jokimaki, J. 1999. Occurrence of breeding bird species in urban parks: effects of park 
structure and broad-scale variables. Urban Ecosystems 3:21-34. 
Jokimaki, J. and E. Huhta. 2000. Artificial nest predation and abundance of birds along 
an urban gradient. The Condor 102:838-847. 
Kight, C. R., M. S. Saha, and J. P. Swaddle. 2012. Anthropogenic noise is associated with 
reductions in the productivity of breeding Eastern Bluebirds (Sialia sialis). 
Ecological Applications; Ecological Applications 22:1989-1996. 
Kim, J. and J.-M. Oh. 2014a. Lead and cadmium contaminations in feathers of heron and 
egret chicks. Environmental Monitoring and Assessment 186:2321-2327. 
Kim, J. and J.-M. Oh. 2014b. Relationships of metals between feathers and diets of black-
tailed gull (Larus crassirostris) chicks. Bulletin of Environmental Contamination 
and Toxicology 92:265-269. 
Kinzig, A. P., P. Warren, C. Martin, D. Hope, and M. Katti. 2005. The effects of human 
socioeconomic status and cultural characteristics on urban patterns of 
biodiversity. Ecology and Society 10:23. 
Klem Jr, D., C. J. Farmer, N. Delacretaz, Y. Gelb, and P. G. Saenger. 2009. Architectural 
and landscape risk factors associated with bird-glass collisions in an urban 
environment. The Wilson Journal of Ornithology 121:126-134. 
Koivula, M. J. and T. Eeva. 2010. Metal-related oxidative stress in birds. Environmental 
Pollution 158:2359-2370. 
Kowarik, I. 1990. Some responses of flora and vegetation to urbanization in Central 
Europe. Urban ecology 11:45-74. 
!!114!
Kowarik, I. 2011. Novel urban ecosystems, biodiversity, and conservation. 
Environmental Pollution 159:1974-1983. 
Lafleur, N. E., M. A. Rubega, and C. S. Elphick. 2007. Invasive fruits novel foods and 
choice: An investigation of European starling and American robin frugivory. The 
Wilson Journal of Ornithology 119:429-438. 
Lepczyk, C. A., K. G. Murray, K. Winnett-Murray, P. Bartell, E. Geyer, and T. Work. 
2000. Seasonal fruit preferences for lipids and sugars by American robins. The 
Auk 117:709-717. 
Lepczyk, C. A. and P. S. Warren. 2012. Urban bird ecology and conservation. Univ of 
California Press, Berkeley. 
Leston, L. F. and A. D. Rodewald. 2006. Are urban forests ecological traps for 
understory birds? An examination using Northern cardinals. Biological 
Conservation 131:566-574. 
Leveau, L., F. Isla, and M. a. Bellocq. 2015. Urbanization and the temporal 
homogenization of bird communities: a case study in central Argentina. Urban 
Ecosystems:1-16. 
Leveau, L. M. and C. M. Leveau. 2012. The role of urbanization and seasonality on the 
temporal variability of bird communities. Landscape and Urban Planning 
106:271-276. 
Levey, D. J. 1987. Seed size and fruit-handling techniques of avian frugivores. The 
American Naturalist 129:471-485. 
Levey, D. J. and C. M. ç. d. Rio. 2001. It takes guts (and more) to eat fruit: lessons from 
avian nutritional ecology. The Auk 118:819-831. 
Li, J. T., J. W. Qiu, X. W. Wang, Y. Zhong, C. Y. Lan, and W. S. Shu. 2006. Cadmium 
contamination in orchard soils and fruit trees and its potential health risk in 
Guangzhou, China. Environmental Pollution 143:159-165. 
Lindqvist, L. and M. Block. 1994. Excretion of cadmium and zinc during moulting in the 
grasshopper  Omocestus viridulus (orthoptera). Environmental toxicology and 
chemistry / SETAC; Environmental Toxicology & Chemistry 13:1669-1672. 
!!115!
Lockwood, J. L., T. M. Brooks, and M. L. Mckinney. 2000. Taxonomic homogenization 
of the global avifauna. Animal Conservation 3:27-35. 
Lodenius, M. and T. Solonen. 2013. The use of feathers of birds of prey as indicators of 
metal pollution. Ecotoxicology (London, England); Ecotoxicology 22:1319-1334. 
Longcore, T. and C. Rich. 2004. Ecological light pollution. Frontiers in Ecology and the 
Environment 2:191-198. 
Lucia, M., P. Bocher, R. Cosson, C. Churlaud, and P. Bustamante. 2012. Evidence of 
species-specific detoxification processes for trace elements in shorebirds. 
Ecotoxicology 21:2349-2362. 
MacArthur, R. H. and E. O. Wilson. 1967. The theory of island biogeography. Princeton 
University Press, Princeton. 
Madejon, P., T. Maranon, and J. M. Murillo. 2006. Biomonitoring of trace elements in 
the leaves and fruits of wild olive and holm oak trees. Science of The Total 
Environment 355:187-203. 
Malcarney, H. L., C. M. n. del Rio, and V. Apanius. 1994. Sucrose intolerance in birds: 
simple nonlethal diagnostic methods and consequences for assimilation of 
complex carbohydrates. The Auk:170-177. 
Markowski, M., A. Kalinski, J. Skwarska, J. Ç. Wawrzyniak, M. Ç. Banbura, J. 
Markowski, P. Zielinski, and J. Banbura. 2013. Avian feathers as bioindicators of 
the exposure to heavy metal contamination of food. Bulletin of Environmental 
Contamination and Toxicology 91:302-305. 
Marzluff, J. 2001. Worldwide urbanization and its effects on birds. Pages 19-47 in J. 
Marzluff, R. Bowman, and R. Donnelly, editors. Avian Ecology and Conservation 
in an Urbanizing World. Springer US. 
Marzluff, J., R. Bowman, and R. Donnelly. 2012. Avian ecology and conservation in an 
urbanizing world. Springer Science & Business Media, US. 
Marzluff, J. and A. Rodewald. 2008. Conserving biodiversity in urbanizing areas: 
nontraditional views from a bird's perspective. Cities and the Environment 
(CATE) 1:6. 
!!116!
Marzluff, J. M. 2008. Island Biogeography for an Urbanizing World How Extinction and 
Colonization May Determine Biological Diversity in Human-Dominated 
Landscapes. Pages 355-371  Urban Ecology. Springer, US. 
Marzluff, J. M. 2012. Urban Evolutionary Ecology. Pages 287-308 in C. A. a. W. 
Lepczyk, P.S., editor. Urban Bird Ecology and Conservation. Studies in Avian 
Biology. University of California Press, Berkley, CA. 
McCaffrey, R. E. 2005. Using citizen science in urban bird studies. Urban habitats 3:70-
86. 
McDonnell, M. J. and A. K. Hahs. 2008. The use of gradient analysis studies in 
advancing our understanding of the ecology of urbanizing landscapes: current 
status and future directions. Landscape ecology 23:1143-1155. 
McDonnell, M. J. and S. T. Pickett. 1990. Ecosystem structure and function along urban-
rural gradients: an unexploited opportunity for ecology. Ecology 71:1232-1237. 
McKinney, M. 2008a. Effects of urbanization on species richness: A review of plants and 
animals. Urban Ecosystems 11:161-176. 
McKinney, M. L. 2002. Urbanization, Biodiversity, and Conservation The impacts of 
urbanization on native species are poorly studied, but educating a highly 
urbanized human population about these impacts can greatly improve species 
conservation in all ecosystems. BioScience 52:883-890. 
McKinney, M. L. 2006. Urbanization as a major cause of biotic homogenization. 
Biological Conservation 127:247-260. 
McKinney, M. L. 2008b. Effects of urbanization on species richness: A review of plants 
and animals. Urban Ecosystems 11:161-176. 
McWilliams, S. R. and W. H. Karasov. 2001. Phenotypic flexibility in digestive system 
structure and function in migratory birds and its ecological significance. 
Comparative Biochemistry and Physiology Part A: Molecular & Integrative 
Physiology 128:577-591. 
!!117!
McWilliams, S. R., S. B. Kearney, and W. H. Karasov. 2002. Diet preferences of 
warblers for specific fatty acids in relation to nutritional requirements and 
digestive capabilities. Journal of Avian Biology 33:167-174. 
Meffert, P. J. and F. Dziock. 2012. What determines occurrence of threatened bird 
species on urban wastelands? Biological Conservation 153:87-96. 
Meffert, P. J. and F. Dziock. 2013. The influence of urbanisation on diversity and trait 
composition of birds. Lanscape Ecology 28:943-957. 
Melles, S., S. Glenn, and K. Martin. 2003. Urban bird diversity and landscape 
complexity: species-environment associations along a multiscale habitat gradient. 
Conservation Ecology 7:5. 
Mokotjomela, T., C. Musil, and K. Esler. 2013. Do frugivorous birds concentrate their 
foraging activities on those alien plants with the most abundant and nutritious 
fruits in the South African Mediterranean-climate region? Plant Ecology 214:49-
59. 
North American Bird Conservation Initiative. 2014. The State of the Birds 2014 Report. 
U.S. Department of Interior, Washington, D.C. 16 pages. 
Oksanen, J., F. Guillaume Blanchet, K. Roeland, P. Legendre, P. R. Minchin, R. B. 
O'Hara, G. L. Simpson, P. Solymos, M. Henry, H. Stevens, and H. Wagner. 2015. 
vegan: Community Ecology Package. R package version 2.2-1.http://CRAN.R5project.org/package=vegan 
 
. 
Orlowski, G., Z. Kasprzykowski, W. Dobicki, P. Ç. Pokorny, A. Wuczynski, R. 
Polechonski, and T. D. Mazgajski. 2014. Residues of chromium, nickel, cadmium 
and lead in Rook Corvus frugilegus eggshells from urban and rural areas of 
Poland. Science of The Total Environment 490:1057-1064. 
Ortega-Alvarez, R. and I. MacGregor-Fors. 2009. Living in the big city: Effects of urban 
land-use on bird community structure, diversity, and composition. Landscape and 
Urban Planning 90:189-195. 
Parrish, J. D. 1997. Patterns of frugivory and energetic condition in Nearctic landbirds 
during autumn migration. Condor 99:681-697. 
!!118!
Partecke, J. and E. Gwinner. 2007. Increased sedentariness in European Blackbirds 
following urbanization: a consequence of local adaptation? Ecology 88:882-890. 
Peralta-Videa, J. R., M. L. Lopez, M. Narayan, G. Saupe, and J. Gardea-Torresdey. 2009. 
The biochemistry of environmental heavy metal uptake by plants: implications for 
the food chain. Int J Biochem Cell Biol 41:1665-1677. 
Prince, K. and B. Zuckerberg. 2015. Climate change in our backyards: the reshuffling of 
North America's winter bird communities. Global change biology 21:572-585. 
Proppe, D. S., C. B. Sturdy, and C. C. St. Clair. 2013. Anthropogenic noise decreases 
urban songbird diversity and may contribute to homogenization. Global change 
biology 19:1075-1084. 
Pysek, P. 1998. Alien and native species in Central European urban floras: a quantitative 
comparison. Journal of Biogeography 25:155-163. 
R Core Team. 2014. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. URL  http://www.R5project.org/. Vienna, Austria. 
Rainio, M. J., T. Eeva, T. Lilley, J. Stauffer, and S. Ruuskanen. 2015. Effects of early-life 
lead exposure on oxidative status and phagocytosis activity in great tits (Parus 
major). Comparative Biochemistry and Physiology Part C: Toxicology & 
Pharmacology 167:24-34. 
Rainio, M. J., M. Kanerva, J.-P. Salminen, M. Nikinmaa, and T. Eeva. 2013. Oxidative 
status in nestlings of three small passerine species exposed to metal pollution. 
Science of The Total Environment 454:466-473. 
Rascio, N. and F. Navari-Izzo. 2011. Heavy metal hyperaccumulating plants: How and 
why do they do it? And what makes them so interesting? Plant Science 180:169-
181. 
Reichard, S. H., L. Chalker-Scott, and S. Buchanan. 2001. Interactions among non-native 
plants and birds. Pages 179-223  Avian ecology and conservation in an urbanizing 
world. Springer, US. 
!!119!
Rodewald, A. D. and M. H. Bakermans. 2006. What is the appropriate paradigm for 
riparian forest conservation? Biological Conservation 128:193-200. 
Rodewald, A. D., L. J. Kearns, and D. P. Shustack. 2013. Consequences of urbanizing 
landscapes to reproductive performance of birds in remnant forests. Biological 
Conservation 160:32-39. 
Rodewald, A. D., D. P. Shustack, and L. E. Hitchcock. 2010. Exotic shrubs as ephemeral 
ecological traps for nesting birds. Biological Invasions 12:33-39. 
Roodbergen, M., C. Klok, and A. van der Hout. 2008. Transfer of heavy metals in the 
food chain earthworm Black-tailed godwit (Limosa limosa): Comparison of a 
polluted and a reference site in The Netherlands. Science of The Total 
Environment 406:407-412. 
Roux, K. and P. Marra. 2007. The Presence and Impact of Environmental Lead in 
Passerine Birds Along an Urban to Rural Land Use Gradient. Archives of 
Environmental Contamination and Toxicology 53:261-268. 
Sallabanks, R. 1993. Hierarchical Mechanisms of Fruit Selection by an Avian Frugivore. 
Ecology 74:1326-1336. 
Sallabanks, R. and F. C. James. 1999. American Robin (Turdus migratorius). In The 
Birds of North America, No. 462 (A. Poole, Ed.). The Birds of North America 
Online, Ithaca, New York. 
Sargent, S. 1990. Neighborhood effects on fruit removal by birds: a field experiment with 
Viburnum dentatum (Caprifoliaceae). Ecology 71:1289-1298. 
Schaefer, H. M., V. Schmidt, and F. Bairlein. 2003a. Discrimination abilities for 
nutrients: which difference matters for choosy birds and why? Animal behaviour 
65:531-541. 
Schaefer, H. M., V. Schmidt, and H. Winkler. 2003b. Testing the defence trade-off 
hypothesis: how contents of nutrients and secondary compounds affect fruit 
removal. Oikos 102:318-328. 
Scheifler, R., M. Coeurdassier, C. Morilhat, N. Bernard, B. Faivre, P. Flicoteaux, P. 
Giraudoux, M. Noel, P. Piotte, D. Rieffel, A. de Vaufleury, and P. M. Badot. 
!!120!
2006. Lead concentrations in feathers and blood of common blackbirds (Turdus 
merula) and in earthworms inhabiting unpolluted and moderately polluted urban 
areas. Science of The Total Environment 371:197-205. 
Schenker, N. and J. F. Gentleman. 2001. On judging the significance of differences by 
examining the overlap between confidence intervals. The American Statistician 
55:182-186. 
Schlaepfer, M. A., M. C. Runge, and P. W. Sherman. 2002. Ecological and evolutionary 
traps. Trends in Ecology & Evolution 17:474-480. 
Schlaepfer, M. A., D. F. Sax, and J. D. Olden. 2011. The Potential Conservation Value of 
Non-Native Species. Conservation Biology 25:428-437. 
Schlaepfer, M. A., P. W. Sherman, B. Blossey, and M. C. Runge. 2005. Introduced 
species as evolutionary traps. Ecology Letters 8:241-246. 
Seewagen, C. L., E. J. Slayton, and C. G. Guglielmo. 2010. Passerine migrant stopover 
duration and spatial behaviour at an urban stopover site. Acta Oecologica 36:484-
492. 
Shochat, E., S. B. Lerman, J. M. Anderies, P. S. Warren, S. H. Faeth, and C. H. Nilon. 
2010. Invasion, competition, and biodiversity loss in urban ecosystems. 
BioScience 60:199-208. 
Shochat, E., P. S. Warren, S. H. Faeth, N. E. McIntyre, and D. Hope. 2006. From patterns 
to emerging processes in mechanistic urban ecology. Trends in Ecology & 
Evolution 21:186-191. 
Sibley, C. G. and J. E. Ahlquist. 1990. Phylogeny and Classification of Birds: A Study in 
Molecular Evolution. Yale University Press, New Haven. 
Smith, P. N., G. P. Cobb, C. l. Godard-Codding, D. Hoff, S. T. McMurry, T. R. 
Rainwater, and K. D. Reynolds. 2007a. Contaminant exposure in terrestrial 
vertebrates. Environmental Pollution 150:41-64. 
Smith, S. B., S. A. DeSandot, and T. Pagano. 2013. The Value of Native and Invasive 
Fruit-Bearing Shrubs for Migrating Songbirds. Northeastern Naturalist 20:171-
184. 
!!121!
Smith, S. B., K. H. McPherson, J. M. Backer, B. J. Pierce, D. W. Podlesak, and S. R. 
McWilliams. 2007b. Fruit quality and consumption by songbirds during autumn 
migration. The Wilson Journal of Ornithology 119:419-428. 
Spotswood, E., J.-Y. Meyer, and J. Bartolome. 2013. Preference for an invasive fruit 
trumps fruit abundance in selection by an introduced bird in the Society Islands, 
French Polynesia. Biological Invasions 15:2147-2156. 
Stiles, E. W. 1982. Expansions of mockingbird and multiflora rose in the northeastern 
United States and Canada. American Birds 36:358-364. 
Stracey, C. M. 2011. Resolving the urban nest predator paradox: the role of alternative 
foods for nest predators. Biological Conservation 144:1545-1552. 
Stracey, C. M. and S. K. Robinson. 2012. Are urban habitats ecological traps for a native 
songbird? Season-long productivity, apparent survival, and site fidelity in urban 
and rural habitats. Journal of Avian Biology 43:50-60. 
Stracey, C. M. a. R., S.K. . 2012. Does nest predation shape urban bird communities? 
Pages 49-70 in C. A. Lepczyk and P. S. Warren, editors. Urban Bird Ecology and 
Conservation. Studies in Avian Biology. University of California Press, Berkley, 
CA. 
Sullivan, B. L., C. L. Wood, M. J. Iliff, R. E. Bonney, D. Fink, and S. Kelling. 2009. 
eBird: A citizen-based bird observation network in the biological sciences. 
Biological Conservation 142:2282-2292. 
Suthers, H. B., J. M. Bickal, and P. G. Rodewald. 2000. Use of successional habitat and 
fruit resources by songbirds during autumn migration in central New Jersey The 
Wilson Bulletin 112:249-260. 
Tredici, P. D. 2010. Spontaneous urban vegetation: reflections of change in a globalized 
world. Nature and Culture 5:299-315. 
Tsipoura, N., J. Burger, R. Feltes, J. Yacabucci, D. Mizrahi, C. Jeitner, and M. Gochfeld. 
2008. Metal concentrations in three species of passerine birds breeding in the 
Hackensack Meadowlands of New Jersey. Environmental Research 107:218-228. 
!!122!
Tzoulas, K., K. Korpela, S. Venn, V. Yli-Pelkonen, A. Kalmierczak, J. Niemela, and P. 
James. 2007. Promoting ecosystem and human health in urban areas using green 
infrastructure: a literature review. Landscape and Urban Planning 81:167-178. 
United Nations, D. o. E. a. S. A., Population Division, . 2015. World Urbanization 
Prospects: The 2014 Revision, (ST/ESA/SER.A/366). 
van Heezik, Y., A. Smyth, A. Adams, and J. Gordon. 2010. Do domestic cats impose an 
unsustainable harvest on urban bird populations? Biological Conservation 
143:121-130. 
Walker, J. S., N. B. Grimm, J. M. Briggs, C. Gries, and L. Dugan. 2009. Effects of 
urbanization on plant species diversity in central Arizona. Frontiers in Ecology 
and the Environment 7:465-470. 
Westcott, D. A. and C. S. Fletcher. 2011. Biological invasions and the study of vertebrate 
dispersal of plants: Opportunities and integration. Frugivores and Seed Dispersal: 
Mechanisms and Consequences of a Key Interaction for Biodiversity 37:650-656. 
White, D. W. and E. W. Stiles. 1992. Bird dispersal of fruits of species introduced into 
eastern North America. Canadian Journal of Botany 70:1689-1696. 
White, J. G., M. J. Antos, J. A. Fitzsimons, and G. C. Palmer. 2005. Non-uniform bird 
assemblages in urban environments: the influence of streetscape vegetation. 
Landscape and Urban Planning 71:123-135. 
Witmer, M. C. 1996. Annual diet of Cedar Waxwings based on US Biological Survey 
records (1885-1950) compared to diet of American Robins: contrasts in dietary 
patterns and natural history. The Auk 113:414-430. 
Witmer, M. C. 2001. Nutritional interactions and fruit removal: cedar waxwing 
consumption of Viburnum opulus fruits in spring. Ecology 82:3120-3130. 
 
 
 
 
 
